Appendix D

Combustion Engineering RPS Fault Trees

This appendix presents the reactor protection system (RPS) fault trees representing the Combustion
Engineering RPS designs. The number near the bottom of transfer gates indicates the fault tree page
number (shown in the lower right corner of the fault tree border) where the logic is transferred.
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1

REACTOR PROTECTION

SYSTEM (RPS)
FOR CE GROUP
1TYPE FAILS

CE l—Oll—R PS

I

1

CLUTCH POWER
SUPPLY BUSES
FAIL TO DE-ENERGIZE

CCF 20% OR MORE
CRD/RODS FAIL TO
INSERT

CEl»O:}»RPS 1

8.4E-7

CE1-ROD-CF-RODS

I

FAILURE OF TRIP
CONTACTOR M1
AND M2

CEl»OlIRP S1-1

I

FAILURE OF TRIP
CONTACT M1

1

/N

CE1-02-M1

FAILURE OF TRIP
CONTACT M2

1

I

1

FAILURE OF TRIP
CONTACTOR M3
AND M4

COMMON CAUSE
FAILURES OF LOGIC
MATRIX RELAYS

COMMON CAUSE
FAILURE OF BISTABLE
TRIP UNITS

CEl-Ol-lR PS1-2

I

1

CE1-01-RPS1-LMF-1

AN

CE1-03-M2

FAILURE OF TRIP

FAILURE OF TRIP

CONTACT M3 CONTACT M4
CE1-04-M3 CE1-05-M4

/N

CE1-01-RPS1-BSF-1

CE1-01-RPS - REACTOR PROTECTION SYSTEM (RPS) FOR CE GROUP 1 TYPE FAILS

2001/10/05
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|

COMMON CAUSE
FAILURE OF BISTABLE
TRIP UNITS

CE1-01-RPS1-BSF-1
1

[

1

OPERATOR FAILS
TO MANUAL TRIP

/N

CE1-01-RPS1-MT1-F

CCF OF BISTABLE
TRIP UNITS

CE1-01-RPS1-BSF-2
1

[

CCF OF BISTABLE
TRIP UNITS DURING

CEl-Ol-RPSll-BICHATM

[

1

RPS CHANNEL CCF SPECIFIC
AIN TEST AND 4 OF 6 BISTABLE
TRIP UNITS (CH
MAINTENANCE ATEM
1.6E-2 1.7E-6

CE1-RPS-TM-CHA

CE1-CBI-CF-40F6TM

1

CCF OF BISTABLE
TRIP UNITS (CH
ANOT IN T&M)

CEl-Ol-RlPSl-BIF-4

[

1

RPS CHANNEL
AISNOTINTEST
AND MAINTENANCE

AN

CE1-08-CHA-NOTM

CCF SPECIFIC
6 OF 8 BISTABLE
TRIP UNITS

7.7E-7

CE1-CBI-CF-60F8

CE1-01-RPS1-BSF-1 -

COMMON CAUSE FAILURE OF BISTABLE TRIP UNITS

2001/03/02
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|

COMMON CAUSE
MATRIX RELAYS

FAILURES OF LOGIC

CE1-01-RPS1-LMF-1
1

[

OPERATOR FAILS
TO MANUAL TRIP

1

CCF OF LOGIC
MATRIC RELAYS

/N

CE1-01-RPS1-MT1-F

CE1-01-RPS1-LMF-2
1

CCF OF LOGIC
MATRIX RELAYS
DURING CH AT&M

CEl-Ol-RPlSLCHATM

[

RPS CHANNEL
AIN TEST AND
MAINTENANCE

1.6E-2

CE1-RPS-TM-CHA

1

CCF SPECIFIC
6 OF 12 LOGIC
MATRIX OUTPUT
RELAYS (CHA
T&M)

1.6E-7

CE1-RYL-CF-LM6OF12TM

1

CCF OF LOGIC
MATRIX RELAYS
(CHANOT IN
T&M)

CEl-Ol-RI?Sl-LMF-S

[

1

RPS CHANNEL
AISNOTINTEST
AND MAINTENANCE

CCF SPECIFIC
12 OF 24 LOGIC
MATRIXOUTPUT

RELAYS

AN

CE1-08-CHA-NOTM

4.3E-8

CE1-RYL-CF-LM120F24

CE1-01-RPS1-LMF-1 -

COMMON CAUSE FAILURES OF LOGIC MATRIX RELAYS

2001/03/02
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OPERATOR FAILS
TO MANUAL TRIP
RPS

CE1-01-RPS1-MT1-F
]

FAILURE OF MANUAL FAILURE OF MANUAL
SWITCH 1 SWITCH 2
CE1-06-MT1 CE1-26-MT2
CE1-01-RPS1-MT1-F - OPERATOR FAILS TO MANUAL TRIP RPS 2001/03/02  Page 4
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|

FAILURE OF TRIP
CONTACT M1

CEl-(l)Z-Ml

[

TRIP CONTACT

1

TRIP CONTACTOR

1

CCF 2 OF 4 (1-OUT-OF-2
TWICE) TRIP CONTACTORS

4.8E-6

CE1-RYT-CF-20F4

M1 FAILURES M1 RELAY FAILS
1.2E-4
CE1-012-M1-F CE1-RYT-FF-ICM1
I 1
REACTOR TRIP
FAILURE OF MANUAL
LOGIC MATRIX
SWITCH 1 RELAYS FOR M1
SIGNAL FAIL
CE1-06-MT1 CE1-02-M1-1
1
I 1
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR M1 RELAYS FORM1
FAIL (NO RPS FAILS (CHANNEL
T&M) AN T&M)
CE1-012-M1-2 CE1-012-M1-3

I

RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

1

AN

CE1-08-CHA-NOTM

FAILURE OF LOGIC
MATRIX RELAY
FOR M1 SIGNAL

(CHANOT IN
TaM

CE1-07-M1LM

I

FAILURE OF LOGIC
MATRIX RELAY
FOR M1 SIGNAL
(CH A IN T&M)

1

/\

CE1-09-M1LMATM

RPS CHANNEL
A INTEST AND
MAINTENANCE

1.6E-2

CE1-RPS-TM-CHA

CE1-02-M1 -

FAILURE OF TRIP CONTACTOR M1

2001/03/02
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|

FAILURE OF TRIP
CONTACT M2

CEl-(l)3-M2

[

TRIP CONTACT

1

CCF 2 OF 4 (1-OUT-OF-2

1

TRIP CONTACTOR
M2 RELAY FAILS

1.2E-4

CE1-RYT-FF-ICM2

M2 FAILURES TWICE) TRIP CONTACTORS
4.8E-6
CE1-013-M2-F CE1-RYT-CF-20F4
I 1
REACTOR TRIP
FAILURE OF MANUAL
LOGIC MATRIX
SWITCH 1 RELAYS FOR M2
SIGNAL FAIL
CE1-06-MT1 CE1-03-M2-1
1
I 1
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR M2 RELAYS FORM2
FAIL (NO RPS FAILS (CHANNEL
T&M) AN T&M)
CEl-OIS-M2-2 CE1-013-M2-3

I

1

RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

FAILURE OF LOGIC
MATRIX RELAY
FOR M2 SIGNAL

(CHANOT IN
TaM

AN

CE1-08-CHA-NOTM

CE1-24-M2LM

I

FAILURE OF LOGIC
MATRIX RELAY
FOR M2 SIGNAL
(CH A IN T&M)

1

CE1-25-M2LMATM

RPS CHANNEL
A INTEST AND
MAINTENANCE

1.6E-2

CE1-RPS-TM-CHA

CE1-03-M2 -

FAILURE OF TRIP CONTACTOR M2

2001/03/02
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|

FAILURE OF TRIP
CONTACT M3

CEl-(l)4-M3

[

1

TRIP CONTACT

CCF 2 OF 4 (1-OUT-OF-2

1

TRIP CONTACTOR
M3 RELAY FAILS

1.2E-4

CE1-RYT-FF-ICM3

M3 FAILURS TWICE) TRIP CONTACTORS
4.8E-6
CEl-Oil-MS-F CE1-RYT-CF-20F4
I 1
REACTOR TRIP
FAILURE OF MANUAL
LOGIC MATRIX
SWITCH 2 RELAYS FOR M3
SIGNAL FAIL
CE1-26-MT2 CE1-04-M3-1
1
I 1
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR M3 RELAYS FORM3
FAIL (NO RPS FAILS (CHANNEL
T&M) AN T&M)
CEl-Ofl—M3-2 CEl-Ofl-M?,-S

I

RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

1

AN

CE1-08-CHA-NOTM

FAILURE OF LOGIC
MATRIX RELAY
FOR M3 SIGNAL

(CHANOT IN
TaM

CE1-27-M3LM

I

FAILURE OF LOGIC
MATRIX RELAY
FOR M3 SIGNAL
(CH A IN T&M)

1

AN

CE1-28-M3LMATM

RPS CHANNEL
A INTEST AND
MAINTENANCE

1.6E-2

CE1-RPS-TM-CHA

CE1-04-M3 -

FAILURE OF TRIP CONTACTOR M3

2001/03/02
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|

FAILURE OF TRIP
CONTACT M4

CEl-(l)S-M4

[

1

TRIP CONTACT

CCF 2 OF 4 (1-OUT-OF-2

1

TRIP CONTACTOR
M4 RELAY FAILS

1.2E-4

CE1-RYT-FF-ICM4

M4 FAILURES TWICE) TRIP CONTACTORS
4.8E-6
CE1-015-M4-F CE1-RYT-CF-20F4
I 1
REACTOR TRIP
FAILURE OF MANUAL
LOGIC MATRIX
SWITCH 2 RELAYS FOR M4
SIGNAL FAIL
CE1-26-MT2 CE1-05-M4-1
1
I 1
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR M4 RELAYS FOR M4
FAIL (NO RPS FAILS (CHANNEL
T&M) AN T&M)
CEl-O:S-M4-2 CEl-O;S-M4-3

I

RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

1

AN

CE1-08-CHA-NOTM

FAILURE OF LOGIC
MATRIX RELAY
FOR M4 SIGNAL

(CHANOT IN
TaM

CE1-29-M4LM

I

FAILURE OF LOGIC
MATRIX RELAY
FOR M4 SIGNAL
(CH A IN T&M)

1

/N

CE1-30-M4LMATM

RPS CHANNEL
A INTEST AND
MAINTENANCE

1.6E-2

CE1-RPS-TM-CHA

CE1-05-M4 -

FAILURE OF TRIP CONTACTOR M4

2001/03/02
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FAILURE OF MANUAL

SWITCH 1
CE1-06-MT1
1
[ ]
OPERATOR FAILS MANUAL SWITCH
TO INITIATE MANUAL 1FAILS
SCRAM

1.0E-2 1.3E-4

CE1-XHE-XE-SCRAM CE1-MSW-FF-MT1

CE1-06-MT1 - MANUAL TRIP 1 FAILS

2001/03/02
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FALURE OF LOGIC
MATRIXRELAY
FOR M1 SIGNAL
(CHANOTIN
IEM
CE1-07I-M1LM
[ 1
LOGIC MATRIX CCE6OF 6 M1
OUTPUT RELAYS LOGIC MATRIC
FORM1SIGNAL RELAY OUTPUTS
FAIL
2.0E-7
CE1-07-M1LM-1 CE1-RYL-CF1LM6OF6
!
[ I I I I 1
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
ABOUTPUT RELAYS BC OUTPUT RELAYS BD OUTPUT RELAYS AC OUTPUT RELAYS CD QUTPUT RELAYS AD OUTPUT RELAYS
TO M1 FAIL TO M1 FAIL TOMI FAIL TOMI FAL TO M1 FAIL TO M1 FAIL

A

CE1-07-I\IA1LM-AB

A

CE1-07-M1LM-BC

a

CE1-07-II\A1LM-BD

a

CE1-07-MLLMAC

A

CE1-07-I\IA1LM»CD

A

CE1-07-M1LM-AD

INPUT TO LOGIC ABOUTPUT RELAY INPUTTOLOGIC BD OUTPUT RELAY INPUTTOLOGIC CDOUTPUT RELAY
VATRIX AB FAILS TRALS MATRIX 8D FALS LRALS MATRIX CD FALS LRALLS
CE1-10-LMAB CE1-RYL-FF-LABL CE1-12LMBD CEL-RYLFF-LBD1 CE1-14-LMCD CEL-RYL-FF-LCD1
I 1 I 1 I 1
INPUT TO LOGIC BC OUTPUT RELAY INPUT TOLOGIC AC OUTPUT RELAY INPUT TO LOGIC AD OUTPUT RELAY
MATRIXBC FAILS 1FAILS MATRIX AC FAILS 1FAILS MATRIXAD FAILS 1FAILS
2.6E4 2.6E-4 26E-4

CE1-11-LMBC CE1-RYL-FF-LBC1 CE1-13-LMAC CEL-RYL-FF-LAC1 CE1-15LMAD CEL-RYLFF-LADL

CE1-07-M1LM -

FAILURE OF LOGIC MATRIX RELAYS FOR M1 SIGNAL

2001/06/07
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RPS CHANNEL
AISNOTIN TEST
AND MAINTENANCE

CE1-08-CHA-NOTM

RPS CHANNEL
AIN TEST AND
MAINTENANCE

1.6E-2

CE1-RPS-TM-CHA

CE1-08-CHA-NOTM - RPS CHANNEL A NOT IN TEST AND MAINTENANCE 2001/03/02 Page 11
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|

FAILURE OF LOGIC
MATRIX RELAY
FOR M1 SIGNAL

(CHA IN T&M)

CEl-OQ-l\{I 1LMATM

[

1

LOGIC MATRIX CCF 30F 3ML
OUTPUT RELAYS LOGIC MATRIC
FOR M1 SIGNAL RELAY OUTPUTS
FAIL (CH A T&M) (CHAT&M)

CEl-OQ-lMlLM-l

Q 4.7E-7

CE1-RYL-CF-1LM3OF3TM

[

LOGIC MATRIX
BC OUTPUT RELAYS
TO M1 FAIL

1

CEl-OQ-I\l/IlLM-BC

LOGIC MATRIX
BD OUTPUT RELAYS
TOM1FAIL

I

1

CE1-09-M1LM-BD

1

LOGIC MATRIX
CD OUTPUT RELAYS
TO M1 FAIL

CEl-OQ-I\llllLM-CD

I

1

INPUT TO LOGIC BC OUTPUT RELAY INPUT TO LOGIC CD QUTPUT RELAY
MATRIX BC FAILS 1FALS MATRIX CD FAILS 1FAILS
(CHAT&M) (CHAT&M)

CE1-31-LMBCATM

or

CE1-RYL-FF-LBC1

I

1

CE1-33-LMCDATM

INPUT TO LOGIC BD OUTPUT RELAY
MATRIX BD FAILS 1FAILS

(CH A T&M)
A 2684

o

CE1-RYL-FF-LCD1

CE1-32-LMBDATM CE1-RYL-FF-LBD1

CE1-09-M1LMATM - FAILURE OF LOGIC MATRIX RELAYS FOR M1 SIGNAL (CH A T&M) 2001/06/07  Page 12
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|

INPUT TO LOGIC
MATRIX AB FAILS

CEl—lCl)—LMAB

[

INPUT SIGNAL
TO LOGIC MATRIX
AB FROM CHANNEL
A FAILS

CEl-lO-ITMAB-CA

[

CHANNEL A TEMPERATURE

BISTABLE FAILS

1

CE1-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

CE1-17-CHAP

1

INPUT SIGNAL
TO LOGIC MATRIX
AB FROM CHANNEL
B FAILS

CEl—lO-ITMAB-CB

[

BISTABLE FAILS

CHANNEL B TEMPERATURE

1

/N

CE1-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

/N

CE1-19-CHBP

CE1-10-LMAB -

INPUT SIGNAL TO LOGIC MATRIX AB FAILS

2001/03/02
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|

INPUT TO LOGIC
MATRIX BC FAILS

CEl—lJi—LMBC

[

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
B FAILS

CEl-ll-ITMBC-CB

[

CHANNEL B TEMPERATURE

BISTABLE FAILS

1

AN

CE1-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

/2N

CE1-19-CHBP

1

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
C FAILS

CEl-ll-LlMBC-CC

[

1

CHANNEL C PRESSURE
BISTABLE FAILS

CHANNEL C TEMPERATURE

BISTABLE FAILS

CE1-21-CHCP

/N

CE1-20-CHCT

CE1-11-LMBC -

INPUT SIGNAL TO LOGIC MATRIX BC FAILS

2001/03/02

Page 14
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|

INPUT TO LOGIC
MATRIX BD FAILS

CE1—121—LMBD

[

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
B FAILS

CEl-lZ-ITMBD-CB

[

CHANNEL B TEMPERATURE

BISTABLE FAILS

1

AN

CE1-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

/2N

CE1-19-CHBP

1

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
D FAILS

CEl-lZ-LlMBD-CD

[

1

CHANNEL D PRESSURE
BISTABLE FAILS

CHANNEL D TEMPERATURE

BISTABLE FAILS

CE1-23-CHDP

/N

CE1-22-CHDT

CE1-12-LMBD -

INPUT SIGNAL TO LOGIC MATRIX BD FAILS

2001/03/02
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|

INPUT TO LOGIC
MATRIX AC FAILS

CE1—13;—LMAC

[

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
A FAILS

CE1-13-ITMAC-CA

[

CHANNEL A TEMPERATURE

BISTABLE FAILS

1

CE1-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

CE1-17-CHAP

1

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
C FAILS

CEl-l3-LlMAC-CC

[

1

CHANNEL C PRESSURE
BISTABLE FAILS

CHANNEL C TEMPERATURE

BISTABLE FAILS

CE1-21-CHCP

/N

CE1-20-CHCT

CE1-13-LMAC -

INPUT SIGNAL TO LOGIC MATRIX AC FAILS

2001/03/02
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|

INPUT TO LOGIC
MATRIX CD FAILS

CEl—lét—LMCD

[

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
CFAILS

CE1-14-L1MCD-CC

[

CHANNEL C PRESSURE
BISTABLE FAILS

1

CE1-21-CHCP

CHANNEL C TEMPERATURE
BISTABLE FAILS

/N

CE1-20-CHCT

1

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
D FAILS

CEl-l4-LlMCD-CD

[

CHANNEL D PRESSURE
BISTABLE FAILS

1

CE1-23-CHDP

CHANNEL D TEMPERATURE
BISTABLE FAILS

/N

CE1-22-CHDT

CE1-14-LMCD -

INPUT SIGNAL TO LOGIC MATRIX CD FAILS

2001/03/02
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|

INPUT TO LOGIC
MATRIX AD FAILS

CEl—lEi—LMAD

[

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
A FAILS

CE1-15-ITMAD-CA

[

CHANNEL A TEMPERATURE

BISTABLE FAILS

1

CE1-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

CE1-17-CHAP

1

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
D FAILS

CEl-lS-LlMAD-CD

[

1

CHANNEL D PRESSURE
BISTABLE FAILS

CHANNEL D TEMPERATURE

BISTABLE FAILS

CE1-23-CHDP

/N

CE1-22-CHDT

CE1-15-LMAD -

INPUT SIGNAL TO LOGIC MATRIX AD FAILS

2001/03/02
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|

CHANNEL A TEMPERATURE
BISTABLE FAILS

A

CE1-16-CHAT -

CE1-CPA-CF-T30F4

CHANNEL A TEMPERATURE BISTABLE FAILS

CE1-CTP-CF-HT30F4

CEl—l(i—C HAT
I I 1 I 1
CHANNEL A TEMPERATURE CHANNEL A ANALOG CHANNEL A HOT CHANNEL ACOLD CCF 30F 4 COLD
BISTABLE UNIT CORE PROTECTION LEG TEMPERATURE LEG TEMPERATURE LEG TEMPERATURE
FAILS CALCULATOR FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER SENSORS/TRANSMITTERS
FAILS FAILS
5.0E-4 7.6E-3 8.4E-4 8.4E-4 1.0E-5
CE1-CBI-FF-TA CE1-CPA-FF-TA CE1-CTP-FF-HTA CE1-CTP-FF-CTA CE1-CTP-CF-CT30F4
CCF OF 30F CCF 3 OF 4 CORE CCF 3 OF 4HOT
4 TEMPERATURE PROTECTION LEG TEMPERATURE
BISTABLES CALCULATORS SENSORS/TRANSMITTERS
7.2E-6 1.7E-4 1.0E-5
CE1-CBI-CF-T30F4

2001/06/07
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|

CHANNEL A PRESSURE

BISTABLE FAILS

CE1-171-CHAP

[

CHANNEL A PRESSURE
BISTABLE FAILS

I

Q 5.0E-4

CE1-CBI-FF-PA

CHANNEL A PRESSURE
SENSOR/TRANSMITTER
FAILS

I

O 1.1E4

CE1-CPR-FF-PA

CCF 3 OF 4 PRESSURE
SENSORS/TRANSMITTERS

1

Q 1.5E-6

CE1-CPR-CF-P30F4

CCF 3 OF 4 PRESSURE
BISTABLES

Q 7.2E-6

CE1-CBI-CF-P30F4

CE1-17-CHAP -

CHANNEL A PRESSURE BISTABLE FAILS

2001/03/02
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|

CHANNEL B TEMPERATURE
BISTABLE FAILS

CEl-lEli-CHBT
I I I I 1
CCFOF3OF CCE30F 4 HOT CHANNEL B CHANNEL B HOT CHANNEL B COLD
4 TEMPERATURE LEG TEMPERATURE TEMPERATURE BISTABLE LEG TEMPERATURE LEG TEMPERATURE
BISTABLES SENSORS/TRANSMITTERS UNIT FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER
FAILS FAILS

O 7.2E-6 Q 1.0E-5 Q 5.0E-4 O 8.4E-4 Q 8.4E-4

CE1-CBI-CF-T30F4 CE1-CTP-CF-HT30F4 CE1-CBI-FF-TB CE1-CTP-FF-HTB CE1-CTP-FF-CTB

CCF 3 OF 4 CORE
PROTECTION
CALCULATORS

Q 1.7E-4

CE1-CPA-CF-T30F4

CCF30OF 4COLD
LEG TEMPERATURE
SENSORS/TRANSMITTERS

o

CE1-CTP-CF-CT30F4

CHANNEL B ANALOG
CORE PROTECTION
CALCULATOR FAILS

o

CE1-CPA-FF-TB

CE1-18-CHBT - CHANNEL B TEMPERATURE BISTABLE FAILS 2001/06/07  Page 21
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|

CHANNEL B PRESSURE

BISTABLE FAILS

CEl-l%-CH BP

[

CCF 3 OF 4 PRESSURE
SENSORS/TRANSMITTERS

I

Q 1.5E-6

CE1-CPR-CF-P30F4

CCF 3 0OF 4 PRESSURE
BISTABLES

O 7.2E-6

CE1-CBI-CF-P30F4

I

CHANNEL B PRESSURE
BISTABLE FAILS

1

Q 5.0E-4

CE1-CBI-FF-PB

CHANNEL B PRESSURE
SENSOR/TRANSMITTER
FAILS

Q 1.1E-4

CE1-CPR-FF-PB

CE1-19-CHBP -

CHANNEL B PRESSURE BISTABLE FAILS

2001/03/02
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|

CHANNEL C TEMPERATURE
BISTABLE FAILS

CE1-2(1J-CHCT
I I I I 1
CCFOF3OF CCE 30F 4 HOT CHANNEL C CHANNEL C HOT CHANNEL C COLD
4 TEMPERATURE LEG TEMPERATURE TEMPERATURE BISTABLE LEG TEMPERATURE LEG TEMPERATURE
BISTABLES SENSORS/TRANSMITTERS UNIT FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER
FAILS FAILS

O 7.2E-6 Q 1.0E-5 Q 5.0E-4 O 8.4E-4 Q 8.4E-4

CE1-CBI-CF-T30F4 CE1-CTP-CF-HT30F4 CE1-CBI-FF-TC CE1-CTP-FF-HTC CE1-CTP-FF-CTC

CCF 3 OF 4 CORE
PROTECTION
CALCULATORS

Q 1.7E-4

CE1-CPA-CF-T30F4

CCF30OF 4COLD
LEG TEMPERATURE
SENSORS/TRANSMITTERS

o

CE1-CTP-CF-CT30F4

CHANNEL C ANALOG
CORE PROTECTION
CALCULATOR FAILS

o

CE1-CPA-FF-TC

CE1-20-CHCT - CHANNEL C TEMPERATURE BISTABLE FAILS 2001/06/07  Page 23
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|

CHANNEL C PRESSURE

BISTABLE FAILS

CEl-ZJi-CH CP

[

CCF 3 OF 4 PRESSURE
SENSORS/TRANSMITTERS

I

Q 1.5E-6

CE1-CPR-CF-P30F4

CCF 3 0OF 4 PRESSURE
BISTABLES

I

O 7.2E-6

CE1-CBI-CF-P30F4

CHANNEL C PRESSURE
BISTABLE FAILS

1

Q 5.0E-4

CE1-CBI-FF-PC

CHANNEL C PRESSURE
SENSOR/TRANSMITTER
FAILS

Q 1.1E-4

CE1-CPR-FF-PC

CE1-21-CHCP -

CHANNELC PRESSURE BISTABLE FAILS

2001/03/02
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|

CHANNEL D TEMPERATURE
BISTABLE FAILS

CE1-221-CHDT
I I I I 1
CCFOF3OF CCE 30F 4 HOT CHANNEL D CHANNEL D HOT CHANNEL D COLD
4 TEMPERATURE LEG TEMPERATURE TEMPERATURE BISTABLE LEG TEMPERATURE LEG TEMPERATURE
BISTABLES SENSORS/TRANSMITTERS UNIT FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER
FAILS FAILS

O 7.2E-6 Q 1.0E-5 Q 5.0E-4 O 8.4E-4 Q 8.4E-4

CE1-CBI-CF-T30F4 CE1-CTP-CF-HT30F4 CE1-CBI-FF-TD CE1-CTP-FF-HTD CE1-CTP-FF-CTD

CCF 3 OF 4 CORE
PROTECTION
CALCULATORS

Q 1.7E-4

CE1-CPA-CF-T30F4

CCF30OF 4COLD
LEG TEMPERATURE
SENSORS/TRANSMITTERS

o

CE1-CTP-CF-CT30F4

CHANNEL D ANALOG
CORE PROTECTION
CALCULATOR FAILS

o

CE1-CPA-FF-TD

CE1-22-CHDT - CHANNEL D TEMPERATURE BISTABLE FAILS 2001/06/07  Page 25
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|

CHANNEL D PRESSURE

BISTABLE FAILS

CE1-231-CH DP

[

CCF 3 OF 4 PRESSURE
SENSORS/TRANSMITTERS

I

Q 1.5E-6

CE1-CPR-CF-P30F4

CCF 3 0OF 4 PRESSURE
BISTABLES

I

O 7.2E-6

CE1-CBI-CF-P30F4

CHANNEL D PRESSURE
BISTABLE FAILS

1

Q 5.0E-4

CE1-CBI-FF-PD

CHANNEL D PRESSURE
SENSOR/TRANSMITTER
FAILS

Q 1.1E-4

CE1-CPR-FF-PD

CE1-23-CHDP -

CHANNEL D PRESSURE BISTABLE FAILS

2001/03/02
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FAILURE OF LOGIC
MATRIX RELAY
FOR M2 SIGNAL

(CHANOTIN
&M

CEl-ZA%-MZLM

LOGIC MATRIX

OUTPUT RELAYS

FOR M2 SIGNAL
FAIL

CCF 6 OF 6M2
LOGIC MATRIC
RELAY OUTPUTS.

CEl—ZILIMZLM—l

2.0E-7

CE1-RYL-CF-2LM60OF6

LOGIC MATRIX
A8 OUTPUT RELAYS
TO M2 FAIL

[

CE1-24-I:/I2LM-AB

LOGIC MATRIX
BCOUTPUT RELAYS
TO M2 FAIL

INPUT TOLOGIC
MATRIX AB FAILS

AB OUTPUT RELAY
2FAILS

/N

CE1-10-LMAB

2.6E-4

CE1-RYL-FF-LAB2

A

CE1-24-M2LM-BC

LOGIC MATRIX
BD OUTPUT RELAYS
TO M2 FAIL

LOGIC MATRIX
/AC OUTPUT RELAYS
TOM2 FAIL

A

CE1-24—I\I/I2LM-B D

A

CE1-24-M2LMAC

INPUT TO LOGIC
MATRIXBD FAILS

BD OUTPUT RELAY
2FALS

/N

CE1-12-LMBD

NPUT TOLOGIC
MATRIX BC FALS

BC OUTPUT RELAY
2FAILS

14
CE1-11-LMBC

2.6E-4

CE1-RYL-FF-LBC2

2.6E-4

CE1-RYL-FF-LBD2

LOGIC MATRIX
CDOUTPUT RELAYS
TOM2 FAL

A

CE1-24- I:/QLM»CD

LOGIC MATRIX
/AD OUTPUT RELAYS
TOM2 FAIL

WPUTTO Loeic CDOUTPUTRELAY
MATRIXCD FAILS 2 FAILS
A 2654

CE1-14-LMCD

INPUT TOLOGIC
MATRIXAC FAILS

AC OUTPUT RELAY

16
CE1-13-LMAC

2.6E-4

CE1-RYL-FF-LAC2

CE1-RYL-FF-LCD2

A

CE1-24-M2LM-AD

INPUT TO LOGIC AD OUTPUT RELAY
MATRIX AD FAILS 2FAILS

18 26E-4
CE1-15-LMAD CEL-RYLFF-LAD2

CE1-24-M2LM -

FAILURE OF LOGIC MATRIX RELAYS FOR M2 SIGNAL

2001/06/07
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|

FAILURE OF LOGIC
MATRIX RELAY
FOR M2 SIGNAL

(CHAIN T&M)

A

CE1—25—I\{I2LMATM

[

LOGIC MATRIX
OUTPUT RELAYS
FOR M2 SIGNAL
FAIL (CH A T&M)

CE1-25-1M2LM-1

1

CCF3 OF 3M2
LOGIC MATRIC
RELAY OUTPUTS
(CH A T&M)

4.

7E-7

CE1-RYL-CF-2LM3OF3TM

[

LOGIC MATRIX
BC OUTPUT RELAYS
TO M2 FAIL

CE1-25-I\1/I2LM-BC

I

INPUT TO LOGIC
MATRIX BC FAILS
(CHA T&M)

1

CE1-31-LMBCATM

BC OUTPUT RELAY
2FAILS

2.6E-4

CE1-RYL-FF-LBC2

1

LOGIC MATRIX
BD OUTPUT RELAYS
TO M2 FAIL

CE1-25-M2LM-BD

1

CD

LOGIC MATRIX
OUTPUT RELAYS
TO M2 FAIL

CE1-25-I\1/I2LM -CD

I

INPUT TO LOGIC
MATRIX CD FAILS
(CHA T&M)

[

(CHAT&M)

INPUT TO LOGIC
MATRIX BD FAILS

1

CE1-33-LMCDATM

AN

BD OUTPUT RELAY

2 FALS

2.6E-4

1

CD OUTPUT RELAY
2FAILS

CE1-32-LMBDATM

CE1-RYL-FF-LBD2

2.6E-4

CE1-RYL-FF-LCD2

CE1-25-M2LMATM - FAILURE OF LOGIC MATRIX RELAYS FOR M2 SIGNAL (CH A T&M)
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FAILURE OF MANUAL

SWITCH 2
CE1-26-MT2
1
[ ]
OPERATOR FAILS MANUAL SWITCH
TO INITIATE MANUAL 2 FAILS
SCRAM

1.0E-2 1.3E-4

CE1-XHE-XE-SCRAM CE1-MSW-FF-MT2

CE1-26-MT2 - MANUAL TRIP 2 FAILS

2001/03/02
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FAILURE OF LOGIC
MATRIX RELAY
FOR M3 SIGNAL

(CH ANOT N
TEM
CEl—Z'I/-M(iLM
[ 1
LOCIC MATRIX CCF6OF 6 M3
OUTPUT RELAYS LOGIC MATRIC
FOR M3 SIGNAL RELAYOUTPUTS
2.0E-7
CE1—27EM3LM1 CE1-RYL-CF-3LM60OF6
[ T T T T 1
LOGIC MATRIX LOGKC MATRIX LOGIC MATRIX LOGIC MATRIX LOGIC MATRX LOGIC MATRIX
ABOUTPUT RELAYS BC OUTPUT RELAYS BD OUTPUT RELAYS ACOUTPUT RELAYS CDOUTPUT RELAYS ADOUTPUT RELAYS
TO M3 FAIL TO M3 FAIL TOM3 FAIL TOM3 FAL TO M3 FAIL TO M3 FAIL
CE1-27-I\IA3LM-AB CE1-27-M3LM-BC CE1-27-II\A3LM-BD CE1-27-M3LMAC CE1-27-I\IA3LM»CD CE1-27-M3LM-AD
[ 1 [ 1 [ 1
INPUT TO LOGIC ABOUTPUT RELAY INPUTTOLOGIC BD OUTPUT RELAY INPUT TOLOGIC CD OUTPUT RELAY
MATRIX AB FAILS 3FALS MATRIX BD FALS 3FAILS MATRIX CD FALS 3FAILS
CE1-10-LMAB CE1-RYL-FF-LAB3 CE1-12-LMBD CE1-RYL-FF-LBD3 CE1-14-LMCD CE1-RYL-FF-LCD3
[ 1 [ 1 [ 1
INPUT TOLOGIC BC OUTPUT RELAY INPUT TOLOGIC AC OUTPUT RELAY INPUT TO LOGIC AD OUTPUT RELAY
MATRIXBC FAILS 3FAILS MATRIX AC FAILS 3FAILS MATRIXAD FAILS 3FAILS
2.6E-4 2.6E-4 26E-4
CE1-11-LMBC CE1-RYL-FF-LBC3 CE1-13-LMAC CE1-RYL-FF-LAC3 CE1-15LMAD CE1-RYL-FF-LAD3

CE1-27-M3LM -

FAILURE OF LOGIC MATRIX RELAYS FOR M3 SIGNAL

2001/06/07
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|

FAILURE OF LOGIC
MATRIX RELAY
FOR M3 SIGNAL

(CHAIN T&M)

A

CE1—28—I\{I3LMATM

[

LOGIC MATRIX
OUTPUT RELAYS
FOR M3 SIGNAL
FAIL (CH A T&M)

CE1-28-1M3LM-1

1

CCF3 OF 3M3
LOGIC MATRIC
RELAY OUTPUTS
(CH A T&M)

4.

7E-7

CE1-RYL-CF-3LM3OF3TM

[

LOGIC MATRIX
BC OUTPUT RELAYS
TO M3 FAIL

CE1-28-I\1/I3LM-BC

I

INPUT TO LOGIC
MATRIX BC FAILS
(CHA T&M)

1

CE1-31-LMBCATM

BC OUTPUT RELAY
3FAILS

2.6E-4

CE1-RYL-FF-LBC3

1

LOGIC MATRIX
BD OUTPUT RELAYS
TO M3 FAIL

CE1-28-M3LM-BD

1

CD

LOGIC MATRIX
OUTPUT RELAYS
TO M3 FAIL

CEl-ZS—l\l/ISLM -CD

I

INPUT TO LOGIC
MATRIX CD FAILS
(CHA T&M)

[

(CHAT&M)

INPUT TO LOGIC
MATRIX BD FAILS

1

CE1-33-LMCDATM

AN

BD OUTPUT RELAY

3 FALS

2.6E-4

1

CD OUTPUT RELAY
3FAILS

CE1-32-LMBDATM

CE1-RYL-FF-LBD3

2.6E-4

CE1-RYL-FF-LCD3

CE1-28-M3LMATM - FAILURE OF LOGIC MATRIX RELAYS FOR M3 SIGNAL (CH A T&M)
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FAILURE OF LOGIC
MATRIX RELAY
FOR M4 SIGNAL

AD OUTPUT RELAY
4FAILS

(CHANOT N
TaM
CEl—Z?-MALM
[ 1
LOGIC MATRIX CCF 6 OF 6 M4
OUTPUTRELAYS LOGK MATRIC
FOR M4 SIGNAL RELAYOUTPUTS
2.0E-7
CE1—291M4LM1 CE1-RYL-CF-4LM60OF6
[ T T T T 1
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX LOGIC MATRX LOGIC MATRIX
ABOUTPUT RELAYS BC OUTPUT RELAYS BD OUTPUT RELAYS AC OUTPUT RELAYS CDOUTPUT RELAYS AD OUTPUT RELAYS
TO Ma FAIL TO M4 FAIL TOMA FAIL TOMa FAL TO Ma FAIL TO M4 FAIL
CEl—ZQ-I\I/MLM-AB CE1-29-M4LM-BC CE1-29-II\A4LM-BD CE1-29-MALMAC CE1-29-I\IA4LM»CD CE1-29-M4LM-AD
[ 1 [ 1 [ 1
INPUT TO LOGIC ABOUTPUT RELAY NPUT TOLOGIC BD OUTPUT RELAY INPUTTOLOGIC CDOUTPUT RELAY
MATRIX AB FAILS 4FALS MATRIX BD FALS 4FAILS MATRIX CD FALLS 4FALS
CE1-10-LMAB CE1-RYL-FF-LAB4 CE1-12-LMBD CE1-RYL-FF-LBD4 CE1-14-LMCD CE1-RYL-FF-LCD4
[ 1 [ 1 [
INPUT TOLOGIC BC OUTPUT RELAY INPUT TOLOGIC AC OUTPUT RELAY INPUT TOLOGIC
MATRIXBC FAILS 4FAILS MATRIX AC FAILS 4FAILS MATRIX AD FAILS
2.6E-4 2.6E-4
CE1-11-LMBC CE1-RYL-FF-LBC4 CE1-13-LMAC CE1-RYL-FF-LAC4 CE1-15LMAD

26E-4

CE1-RYL-FF-LAD4

CE1-29-M4LM -

FAILURE OF LOGIC MATRIX RELAYS FOR M4 SIGNAL

2001/06/07
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|

FAILURE OF LOGIC
MATRIX RELAY
FOR M4 SIGNAL

(CHAIN T&M)

A

CEl—SO—I\{I4LMATM

[

LOGIC MATRIX
OUTPUT RELAYS
FOR M4 SIGNAL
FAIL (CH A T&M)

CE1-30-1M4LM-1

1

CCF 3 OF 3M4
LOGIC MATRIC
RELAY OUTPUTS
(CH A T&M)

4.

7E-7

CE1-RYL-CF-4LM3OF3TM

[

LOGIC MATRIX
BC OUTPUT RELAYS
TO M4 FAIL

CE1-30-I\1/I4LM-BC

I

INPUT TO LOGIC
MATRIX BC FAILS
(CHA T&M)

1

CE1-31-LMBCATM

BC OUTPUT RELAY
4 FAILS

2.6E-4

CE1-RYL-FF-LBC4

1

LOGIC MATRIX
BD OUTPUT RELAYS
TO M4 FAIL

CE1-30-M4LM-BD

1

CD

LOGIC MATRIX
OUTPUT RELAYS
TO M4 FAIL

CE1-30-I\1/I4LM -CD

I

INPUT TO LOGIC
MATRIX CD FAILS
(CHA T&M)

[

(CHAT&M)

INPUT TO LOGIC
MATRIX BD FAILS

1

CE1-33-LMCDATM

AN

BD OUTPUT RELAY

4 FALLS

2.6E-4

1

CD OUTPUT RELAY
4 FAILS

CE1-32-LMBDATM

CE1-RYL-FF-LBD4

2.6E-4

CE1-RYL-FF-LCD4

CE1-30-M4LMATM - FAILURE OF LOGIC MATRIX RELAYS FOR M4 SIGNAL (CH A T&M)
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|

INPUT TO LOGIC
MATRIX BC FAILS
(CH AT&M)

CE1—31—L1MBCATM

[

INPUT TO LOGIC MATRIX

BC FROM CHANNEL B
FAILS (CH A T&M)

CE1-31-ITMBC-CB

[

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CH AT&M)

1

1

INPUT TO LOGIC MATRIX
BC FROM CHANNEL C
FAILS (CH A T&M)

CEl-3l-LlMBC-CC

/N

CE1-34-CHBTATM

CHANNEL B PRESSURE
BISTABLE FAILS
(CHA T&M)

[

CE1-35-CHBPATM

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHA T&M)

CE1-36-CHCTATM

1

CHANNEL C PRESSURE
BISTABLE FAILS
(CH AT&M)

CE1-37-CHCPATM

CE1-31-LMBCATM - INPUT SIGNAL TO LOGIC MATRIX BC FAILS (CH A T&M)
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|

INPUT TO LOGIC
MATRIX BD FAILS
(CH AT&M)

CE1—32—L1MBDATM

[

INPUT TO LOGIC MATRIX

BD FROM CHANNEL B
FAILS (CH A T&M)

CE1-32-ITMBD-CB

[

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CH AT&M)

1

1

INPUT TO LOGIC MATRIX
BD FROM CHANNEL D
FAILS (CH A T&M)

CEl-32-LlMBD-CD

/N

CE1-34-CHBTATM

CHANNEL B PRESSURE
BISTABLE FAILS
(CHA T&M)

[

CE1-35-CHBPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHA T&M)

CE1-38-CHDTATM

1

CHANNEL D PRESSURE
BISTABLE FAILS
(CH AT&M)

CE1-39-CHDPATM

CE1-32-LMBDATM - INPUT SIGNAL TO LOGIC MATRIX BD FAILS (CH A T&M)
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|

INPUT TO LOGIC
MATRIX CD FAILS
(CH AT&M)

CE1-33- LII\/ICDATM

[

INPUT TO LOGIC MATRIX
CD FROM CHANNEL C
FAILS (CH A T&M)

CE1-33-L1MCD-CC

1

INPUT TO LOGIC MATRIX
CD FROM CHANNEL D
FAILS (CH A T&M)

CEl-33-LlMCD-CD

[

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHA T&M)

1

CE1-36-CHCTATM

CHANNEL C PRESSURE
BISTABLE FAILS
(CH AT&M)

[

CE1-37-CHCPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHA T&M)

CE1-38-CHDTATM

1

CHANNEL D PRESSURE
BISTABLE FAILS
(CH AT&M)

CE1-39-CHDPATM

CE1-33-LMCDATM -

INPUT SIGNAL TO LOGIC MATRIX CD FAILS (CH A T&M)

2001/08/06
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|

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHA T&M)

A

CE1—34—C1HBTATM
I 1 1 1 1
CHANNEL B TEMPERATURE CHANNEL B HOT CCF 2 OF 3 TEMPERATURE CCF 2 OF 3HOT CCF 2 OF 3 COLD
BISTABLE UNIT LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE LEG TEMPERATURE
FAILS SENSOR/'I:@SM ITTER ATEM) SENSORS/TRANSMITTERS SENSORSITRANSMITTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5 3.7E-5
CE1-CBI-FF-TB CE1-CTP-FF-HTB CE1-CBI-CF-T20F3TM CE1-CTP-CF-HT20F3TM CE1-CTP-CF-CT20F3TM
CHANNEL B ANALOG CHANNEL B COLD CCF 2 OF 3 CORE
CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS
CALCULATOR FAILS SENSOR/;Z’E’SSM ITTER (CHA T&M)
7.6E-3 8.4E-4 3.8E-4
CE1-CPA-FF-TB CE1-CTP-FF-CTB

CE1-34-CHBTATM - CHANNEL B TEMPERATURE BISTABLE FAILS (CH A T&M)

CE1-CPA-CF-T20F3TM

Fault Trees
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|

CHANNEL B PRESSURE
BISTABLE FAILS
(CH A T&M)

CE1-35-CIHBPATM

[

CHANNEL B PRESSURE
BISTABLE FAILS

I

Q 5.0E-4

CE1-CBI-FF-PB

CHANNEL B PRESSURE
SENSOR/TRANSMITTER
FAILS

O 1.1E4

CE1-CPR-FF-PB

I

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CH A T&M)

1

Q 5.0E-6

CE1-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

Q 2.6E-7

CE1-CBI-CF-P20F3TM

CE1-35-CHBPATM - CHANNEL B PRESSURE BISTABLE FAILS (CH A T&M)
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|

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHA T&M)

A

CEl—SG-ClHCTATM
I 1 1 1 1
CHANNEL C TEMPERATURE CHANNEL C HOT CCF 2 OF 3 TEMPERATURE CCF 2 OF 3HOT CCF 2 OF 3 COLD
BISTABLE UNIT LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE LEG TEMPERATURE
FAILS SENSOR/'I:@SM ITTER ATEM) SENSORS/TRANSMITTERS SENSORSITRANSMITTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5 3.7E-5
CE1-CBI-FF-TC CE1-CTP-FF-HTC CE1-CBI-CF-T20F3TM CE1-CTP-CF-HT20F3TM CE1-CTP-CF-CT20F3TM
CHANNEL C ANALOG CHANNEL C COLD CCF 2 OF 3 CORE
CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS
CALCULATOR FAILS SENSOR/;Z’E’SSM ITTER (CHA T&M)
7.6E-3 8.4E-4 3.8E-4
CE1-CPA-FF-TC CE1-CTP-FF-CTC

CE1-36-CHCTATM - CHANNELC TEMPERATURE BISTABLE FAILS (CH A T&M)

CE1-CPA-CF-T20F3TM

Fault Trees
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|

CHANNEL C PRESSURE
BISTABLE FAILS
(CH A T&M)

CE1-37-CIHCPATM

[ I I

1

CHANNEL C PRESSURE CHANNEL C PRESSURE CCF 2 OF 3 PRESSURE
BISTABLE FAILS SENSOR/TRANSMITTER SENSORS/TRANSMITTERS
FAILS (CH A T&M)
Q 5.0E-4 O 1.1E-4 Q 5.0E-6
CE1-CBI-FF-PC CE1-CPR-FF-PC CE1-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

Q 2.6E-7

CE1-CBI-CF-P20F3TM

CE1-37-CHCPATM - CHANNELC PRESSURE BISTABLE FAILS (CH A T&M)
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|

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHA T&M)

A

CEl—SS—ClHDTATM
I 1 1 1 1
CHANNEL D TEMPERATURE CHANNEL D HOT CCF 2 OF 3 TEMPERATURE CCF 2 OF 3HOT CCF 2 OF 3 COLD
BISTABLE UNIT LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE LEG TEMPERATURE
FAILS SENSOR/'I:@SM ITTER ATEM) SENSORS/TRANSMITTERS SENSORSITRANSMITTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5 3.7E-5
CE1-CBI-FF-TD CE1-CTP-FF-HTD CE1-CBI-CF-T20F3TM CE1-CTP-CF-HT20F3TM CE1-CTP-CF-CT20F3TM
CHANNEL D ANALOG CHANNEL D COLD CCF 2 OF 3 CORE
CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS
CALCULATOR FAILS SENSOR/;Z’E’SSM ITTER (CHA T&M)
7.6E-3 8.4E-4 3.8E-4
CE1-CPA-FF-TD CE1-CTP-FF-CTD

CE1-38-CHDTATM - CHANNEL D TEMPERATURE BISTABLE FAILS (CH A T&M)

CE1-CPA-CF-T20F3TM

Fault Trees

2001/06/07

Page 41

44 Combustion Engineering RPS




|

CHANNEL D PRESSURE
BISTABLE FAILS
(CH A T&M)

CE1-39-CIH DPATM

[ I I

1

CHANNEL D PRESSURE CHANNEL D PRESSURE CCF 2 OF 3 PRESSURE
BISTABLE FAILS SENSOR/TRANSMITTER SENSORS/TRANSMITTERS
FAILS (CH A T&M)
O 5.0E-4 Q 1.1E-4 O 5.0E-6
CE1-CBI-FF-PD CE1-CPR-FF-PD CE1-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

or

CE1-CBI-CF-P20F3TM

CE1-39-CHDPATM - CHANNELD PRESSURE BISTABLE FAILS (CH A T&M)
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COMBUSTION ENGINEERING RPS GROUP 2 MODEL

Fault Trees 46 Combustion Engineering RPS



1

'SYSTEM (RPS)
FORCEGROUP
2TYPEFALS
CE2-01-RPS
I
[ 1
FONR CCF 20 ORMORE
e CRORCDSFALTO
INSERT
FALTODEENERGZE
@ 84E-7
CE2-01!.-RPSl CE2-ROD-CF-RODS
[ 1 1
COMMON CAUSE 'COMMON CAUSE FALURE OF TRIP
FALURECF LOGIC FALURE OF BISTABLE
MATRIXRELAYS TRIPUNITS ORCUITBREAERS
CE2-01-RPS1-LMF1 CE2-01-RPS1-BSF-1 CE2-01-RPS1-TCB
I
[ 1
FAILURE OF TRIP FAILURE OF TRIP
CIRCUIT BREAKERS CIRCUIT
CEDM PONER SUPFLY CEDMPOAER SUFFLY
1
CE2-01-RPS1-TCB-01 CE2-01-RPS1-TCB-02
[ : 1 [ :
FAILURE OF TRIP FALURE CF TRIP FALURE OF TRIP
CIRCUIT BREAKER CIRCUIT BREAKER CIRCUIT BREAKER
TCB-1AND TCB-2 TCB7ANDTCB-8 TCB-3ANDTCB-4

CE2-01-RPS1-TCB-01-12
1

CE2-01-RPS1-TCB-01-78

[

1

FALURE OF TRIP
CIRCUIT BREAKER
TCB5ANDTCB6

CE2-01-RPS1-TCB-02-34
1

[

FAILURE OF TRIP FAILURE OF TRIP FAILURE OF TRIP
CIRCUIT BREAKER CIRCUIT BREAKER CIRCUIT BREAKER
TCB1 TcB2 TCB3
CE2-02-ML CE2-03-M2 CE2-04-M3
[ 1
FAILURE OF TRIP FAILURE OF TRIP
CIRCUIT BREAKER CIRCUIT BREAKER
TCB7 TCB8
CE2-04-M7 CE2-05-M8

1

FALURE OF TRIP

CE2-01-RPS1-TCB-02-56

CIRCUIT BREAKER
TCB4
CE2-05-M4
[ 1
FAILURE CF TRIP FAILURE OF TRIP
CIRCUIT BREAKER CIRCUIT BREAKER
TCBS TCB6
CE2-02-M6 CE2-03-M6

CE2-01-RPS -

REACTOR PROTECTION SYSTEM (RPS) FOR CE GROUP 2 TYPE FAILS
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Fault Trees

47 Combustion Engineering RPS




COMMON CAUSE
FAILURE OF BISTABLE
TRIP UNITS

CE2-Ol-Rl;—’Sl-BSF—1

OPERATOR FAILS
TO MANUAL TRIP
RPS

CE2-01-RPS1-MT1-F

CCF OF BISTABLE
TRIP UNITS

[

CEZ-Ol-RI;—’Sl-BSF-Z

CCF OF BISTABLE
TRIP UNITS (CH
A NOT IN T&M)

CE2-01-RPS1-BIF-4
|

RPS CHANNEL
AIS NOT IN TEST
AND MAINTENANCE

CE2-08-CHA-NOTM

CCF SPECIFIC
6 OF 8 BISTABLE
TRIP UNITS

7.7E-7

CE2-CBI-CF-60F8

CCF OF BISTABLE
TRIP UNITS DURING
CHAT&M

CE2-01-RPS1-BICHATM
|

RPS CHANNEL
A INTEST AND
MAINTENANCE

1.6E-2

CE2-RPS-TM-CHA

CCF SPECIFIC
4 OF 6 BISTABLE
TRIP UNITS (CH
A T&M)

1.7E-6

CE2-CBI-CF-40F6TM

CE2-01-RPS1-BSF-1 -

COMMON CAUSE FAILURE OF BISTABLE TRIP UNITS
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COMMON CAUSE
FAILURE OF LOGIC
MATRIXRELAYS

CEZ-Ol-RIi’Sl—LMF-l

OPERATOR FAILS
TO MANUAL TRIP
RPS

CCF OF LOGIC
MATRIXRELAYS

CE2-01-RPS1-MT1-F

[

CE2-01—RI?81—LMF-2

CCF OF LOGIC
MATRIXRELAYS
(CHANOTIN
T&M)

CE2-01-RPS1-LMF-3
|

RPS CHANNEL
AIS NOT IN TEST
AND MAINTENANCE

CE2-08-CHA-NOTM

CCF OF 12 OF
24 LOGIC MATRIX
OUTPUT RELAYS

4.3E-8

CE2-RYL-CF-LM120F24

CCF OF LOGIC
MATRIXRELAYS
DURING CH A T&M

CE2-01-RPS1-CHATM
|

RPS CHANNEL CCF OF 6 OF
A INTEST AND 12 LOGIC MATRIX
MAINTENANCE OUTPUT RELAYS
(CHAT&M)
1.6E-2 1.6E-7

CE2-RPS-TM-CHA

CE2-RYL-CF-LM60OF12TM

CE2-01-RPS1-LMF-1 -

COMMON CAUSE FAILURE OF LOGIC MATRIXRELAYS
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OPERATOR FAILS
TO MANUAL TRIP
RPS

A

CE2-Ol-RI|381-MT1-F

MANUAL TRIP
PATHS 3 AND 4
FAIL

CE2-01-RP|81-M'I'34-F

FAILURE OF MANUAL
SWITCH 3

CE2-40-MT3

FAILURE OF MANUAL
SWITCH 4

CE2-41-MT4

MANUAL TRIP
PATHS 1 AND 2
FAIL

CE2-Ol-RPISl-MT12-F

FAILURE OF MANUAL
SWITCH 1

CE2-06-MT1

FAILURE OF MANUAL
SWITCH 2

CE2-26-MT2

CE2-01-RPS1-MT1-F -

OPERATOR FAILS TO MANUAL TRIP RPS
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FAILURE OF TRIP
CIRCUIT BREAKER

TCB1
CE2-?2-M1
I ]
TRIP CIRCUIT FAILURE OF TRIP
BREAKER TCB-1 INITIATION CIRCUT
FAILS K1
CE2-02|—M1—CB CE2-02-M1-S
I 1 ]
TRIP CIRCUT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCB-1 BREAKER TCB-1 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB1 CE2-0|2-M1-4 CE2-BME-CF-TB20OF8
I ]
TRIP GIRCUIT TRIP CIRCUIT
BREAKER TCB-1 BREAKERTCB-1
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE2-02-M1-5 CE2-0|2-M1-6
I ]
CCF SPECIFIC TRIP GRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-1
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB1
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TBATCBS TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-1
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFALS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB15

CE2-BSN-FO-TB1
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FAILURE OF TRIP

INITIATION CIRCUIT
K1
CE2-02-M1-S
1
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 1 CONTACT INITIATOR
K1
CE2-06-MT1 CE2-0|2-M1—F
I ]
REACTOR TRIP
TRIP CONTACTOR CCF OF 2 OF
LOGIC MATRIX
RELAYS FOR K1 K1 RELAY FAILS 4 TRIP CONTACTORS
SIGNAL FAIL
@ 1.2E-4 4.8E-6
CE2-O|2-M1-1 CE2-RYT-FF-ICK1 CE2-RYT-CF-20F4
I ]
LOGIC MATRIX
RELAYS FORI RELAYS FOR K1
T&N) FAIL (CH A T&M)
CE2-02-M1-2 CE2-02-M1-3
1 1
[ | [ |
FAILURE OF LOGIC
o Ty i e
FOR K1 SIGNAL
AND MAINTENANCE FOR K1 SIGNAL MAINTENANCE
(CHANOTIN (CH A IN T&M)
T&M
CE2-08-CHA-NOTM CE2-07-M1LM CE2-09-M1LMATM CE2-RPS-TM-CHA

CE2-02-M1-S -

FAILURE OF TRIP INITIATION CIRCUIT K1

2001/06/07 Page 48

Fault Trees

52 Combustion Engineering RPS




FAILURE OF TRIP
CIRCUIT BREAKER

TCBS
CE2-(|)2-M5
I ]
FAILURE OF TRIP TRIP CIRCUIT
INITIATION CIRCUIT BREAKER TCB5
K1 FAILS
CE2-02-M1-S CE2-02|—MS-CB
I 1 ]
TRIP GIRCUIT TRIP GIRCUT CCF SPECIFIC
BREAKER TCB5 BREAKER TCB5 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB5 CE2-0|2-M5-4 CE2-BME-CF-TB20OF8
I ]
TRIP AROUT TRIP CIRCUIT

BREAKER TCB5S BREAKERTCBS
UNDERVOLTAGE SHUNT TRIP FAILURES

DEVICE FAILURES
CE2—0|2-M5-6 CE2-02-M5-5

I ]
CCF SPECIFIC TRIP GIRCUT
2 OF 8 TRIP CIRCUIT BREAKER TCB5
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FALS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB5S
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TOBLTCRS TRIP GIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB5
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFAILS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB15

CE2-BSN-FO-TB5
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FAILURE OF TRIP
CIRCUIT BREAKER

TCB2
CE2-?3-MZ
I ]
TRIP CIRCUIT FAILURE OF TRIP
BREAKER TCB2 INITIATION CIRCUIT
FAILS K2
CE2-03|—M2-CB CE2-03-M2-S
I 1 ]
TRIP CIRCUT TRIP CIRCUIT OCF SPECIFIC
BREAKER TCB-2 BREAKER TCB-2 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB2 CE2-OI3-M2-4 CE2-BME-CF-TB20OF8
I ]
TRIP GROUT TRIP CIRCUIT
BREAKER TCB-2 BREAKER TCB-2
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE2-03-M2-5 CE2-0|3-M2-6
I ]
CCF SPECIFIC TRIP GRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-2
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB2
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TB2TCBG TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-2
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFALS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB26

CE2-BSN-FO-TB2
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|
FAILURE OF TRIP
INITIATION CIRCUIT
K2
CE2-03-M2-S
1
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 2 CONTACT INITIATOR
K2
CE2-26-MT2 CE2-0|3—M2-F
[ | |
REACTOR TRIP
TRIP CONTACTOR CCF OF 20F
LOGIC MATRIX
K2 RELAY FAILS RELAYS FOR K2 4 TRIP CONTACTORS
SIGNAL FAIL
1.2E-4 @ 4.8E-6
CE2-RYT-FF-ICK2 CE2-0I’%-M2-1 CE2-RYT-CF-20F4
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR K2 RELAYS FOR K2
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE2-O?—M2-2 CE2-OI3-M2-3
[ | [ |
FAILURE OF LOGIC FAILURE OF LOGIC
A IS NOT INTEST MATRIRELAY MATRX RELAY ANTEST AND
FOR K2 SIGNAL FOR K2 SIGNAL MAINTENANCE
AND MAINTENANCE (CHANOTIN (CHA IN TeM)
I&M
CE2-08-CHA-NOTM CE2-24-M2LM CE2-25-M2LMATM CE2-RPS-TM-CHA
CE2-03-M2-S - FAILURE OF TRIP INITIATION CIRCUIT K2 2001/06/07 Page 51
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FAILURE OF TRIP
CIRCUIT BREAKER

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB26

TCB6
CE2-(|)3-M6
I ]
FAILURE OF TRIP TRIP CIRCUIT
INITIATION CIRCUIT BREAKER TCB-6
K2 FAILS
CE2-03-M2-S CE2-03|—MG-CB
I 1 ]
TRIP GIRCUIT TRIP GIRCUT CCF SPECIFIC
BREAKER TCB-6 BREAKER TCB-6 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB6 CE2-0|3-M6-4 CE2-BME-CF-TB20OF8
I ]
TRIP AROUT TRIP CIRCUIT

BREAKER TCB-6 BREAKER TCB6
UNDERVOLTAGE SHUNT TRIP FAILURES

DEVICE FAILURES
CE2—0|3-NB-6 CE2-03-M6-5

I ]
CCF SPECIFIC TRIP GIRCUT
2 OF 8 TRIP CIRCUIT BREAKER TCB-6
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FALS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB6
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 o TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT sw-r:rCrBTé;;Cgéwce BREAKER TCB-6
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFAILS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE2-BSN-FO-TB6
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FAILURE OF TRIP
CIRCUIT BREAKER

TCB3
CE2-?4-M3
I ]
TRIP CIRCUIT FAILURE OF TRIP
BREAKER TCB-3 INITIATION CIRCUT
FAILS K3
CE2-04|—M3—CB CE2-04-M3-S
I 1 ]
TRIP CIRCUT TRIP CIRCUIT OCF SPECIFIC
BREAKER TCB-3 BREAKER TCB-3 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB3 CE2-0|4-I\/B-4 CE2-BME-CF-TB20OF8
I ]
TRIP GIRCUIT TRIP CIRCUIT
BREAKER TCB-3 BREAKERTCB-3
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE2-04-M3-5 CE2-0|4-M3-6
I ]
CCF SPECIFIC TRIP GRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-3
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB3
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TBBTCRT TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-3
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFALS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB37

CE2-BSN-FO-TB3
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|
FAILURE OF TRIP
INITIATION CIRCUIT
K3
CE2-04-M3-S
1
[ 1
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 3 CONTACT INITIATOR
K3
CE2-40-MT3 CE2-0T1—M3-F
[ I 1
REACTOR TRIP
TRIP CONTACTOR CCF OF 20F
LOGIC MATRIX
K3 RELAY FALLS RELAYS FOR K3 4 TRIP CONTACTORS
SIGNAL FAIL
12E-4 @ 4.8E-6
CE2-RYT-FF-ICK3 CE2-0|4-M3-1 CE2-RYT-CF-20F4
[ 1
LOGIC MATRIX LOGIC MATRIX
RELAYS FORK3 RELAYS FOR K3
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE2-Ofl-M3-2 CE2-O|4-M3-3
[ 1 [ 1
FAILURE OF LOGIC FAILURE OF LOGIC
AL NOTIN TEST MATRXRELAY MATRIXRELAY ANTESTAD
FOR K3 SIGNAL FOR K3 SIGNAL MAINTENANCE
AND MAINTENANCE (CHANOTIN (CHA INT&M)
&M
1662
CE2-08-CHA-NOTM CE2-27-M3LM CE2-28-M3LMATM CE2-RPS-TM-CHA
CE2-04-M3-S - FAILURE OF TRIP INITIATION CIRCUIT K3 2001/06/07 Page 54
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FAILURE OF TRIP
CIRCUIT BREAKER

TeB7
CE2-(|)4-M7
I ]
FAILURE OF TRIP TRIP CIRCUIT
INITIATION CIRCUIT BREAKER TCB-7
K3 FAILS
CE2-04-M3-S CE2-04|—M7-CB
I 1 ]
TRIP GIRCUIT TRIP GIRCUT CCF SPECIFIC
BREAKER TCB-7 BREAKER TCB-7 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB7 CE2-0|4-M7-4 CE2-BME-CF-TB20OF8
I ]
TRIP AROUT TRIP CIRCUT

BREAKER TCB-7 BREAKERTCB7
UNDERVOLTAGE SHUNT TRIP FAILURES

DEVICE FAILURES
CE2—0|4-M7-6 CE2-04-M7-5

I ]
CCF SPECIFIC TRIP CIRCUT
2 OF 8 TRIP CIRCUIT BREAKER TCB-7
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FALS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB7
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 TBATCRT TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-7
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFAILS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB37

CE2-BSN-FO-TB7
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]
FAILURE OF TRIP
CIRCUIT BREAKER
TCB4
CE2-05-M4
1
[ ]
TRIP CIRCUIT FAILURE OF TRIP
BREAKER TCP4 INITIATION CIRCUIT
FAILS K4
CE2-05-M4-CB CE2-05-M4-S
]
I I ]
TRIP CIRCUIT TRIP CIRCUT CCF SPECIFIC
BREAKER TCB-4 BREAKER TCB-4 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB4 CE2-05-M4-4 CE2-BME-CF-TB20F8
]
I ]
TRIP CIRCUT TRIP ARCUT
BREAKER TCB4 BREAKER TCB4
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE2-05-M4-5 CE2-O:5—M4-6
[ 1
OCF SPECIFIC TRIP CIRCUT
2 OF 8 TRIP CIRCUIT BREAKER TCB-4
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB4
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TCB4-TCBS TRIP CIRCUIT
2 OF 8 TRIP GIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-4
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4
CE2-BSN-CF-TB20OF8 CE2-PWR-CF-TB20OF4 CE2-PWR-FF-TB48 CE2-BSN-FO-TB4
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|
FAILURE OF TRIP
INITIATION CIRCUIT
K4
CE2-05-M4-S
1
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 4 CONTACT INITIATOR
K4
CE2-41-MT4 CE2-0'|5-M4-F
[ | |
REACTOR TRIP
TRIP CONTACTOR CCF OF 20F
LOGIC MATRIX
K4 RELAY FAILS RELAYS FOR K4 4 TRIP CONTACTORS
SIGNAL FAIL
1.2E-4 @ 4.8E-6
CE2-RYT-FF-ICK4 CE2-0|5-M4-1 CE2-RYT-CF-20F4
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR K4 RELAYS FOR K4
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE2-O?—M4—2 CE2-O|5-M4-3
[ | [ |
FAILURE OF LOGIC FAILURE OF LOGIC
A IS NOT INTEST MATRIRELAY MATRX RELAY ANTEST AND
FOR K4 SIGNAL FOR K4 SIGNAL MAINTENANCE
AND MAINTENANCE (CHANOTIN (CHA IN TeM)
I&M
1662
CE2-08-CHA-NOTM CE2-29-M4LM CE2-30-M4ALMATM CE2-RPS-TM-CHA
CE2-05-M4-S - FAILURE OF TRIP INITIATION CIRCUIT K4 2001/06/07 Page 57
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FAILURE OF TRIP
CIRCUIT BREAKER

1.1E-5

CE2-BSN-CF-TB20F8

CE2-PWR-CF-TB20OF4

CE2-PWR-FF-TB48

TcB8
CE2-95-M8
I 1
FAILURE OF TRIP TRIP GIRCUIT
INITIATION CIRCUIT BREAKER TCP-8
K4 FAILS
CE2-05-M4-S CE2-05|—M8-CB
I I 1

TRIP CIRCUIT TRIP CIRCUIT CCF SPECIFIC

BREAKER TCB-8 BREAKER TCB-8 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE2-BME-FO-TB8 CE2-0|5-M8-4 CE2-BME-CF-TB20OF8
I ]

TRIP CIRCUIT TRIP GRCUT
BREAKERTCB8 BREAKERTCB8
UNDERVOLTAGE SHUNT TRIP FAILURES
DEVICE FAILURES
CEZ-OIS-MS-G CE2-05-M8-5

I 1
CCF SPECIFIC TRIP CIRCUT
2 OF 8 TRIP CIRCUIT BREAKER TCB-8
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE2-BUV-CF-TB20F8 CE2-BUV-FO-TB8
I I 1
OCF SPECIFIC CCF 2 OF 4 (1-OF2 . TRIP GRCUIT

2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SWF%;LCSSWCE BREAKER TCB-8

BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE

TRIP DEVICE POWER DCPOWERFAILS FAILS
2.5E-6 6.0E-5 1.5E-4

CE2-BSN-FO-TB8
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FAILURE OF MANUAL
SWITCH 1

A

CE2—O|6—MT1

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE2-XHE-XE-SCRAM

MANUAL SWITCH
1 FAILS

1.3E4

CE2-MSW-FF-MT1

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE2-MSW-CF-20F4

[CE2-06-MT1 - MANUAL TRIP 1 FAILS
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——
e
SR
s
:
CEZ'O7‘-M1LM
[ 1
- —
o o
FORKL SIGNAL RELAY QUTPUTS
:
2.0E-7
CE2-07-1M1LM-1 CE2-RYL-CF1LM60F6
I T T T T 1
- o - - - -
ey ey ey gy gy ey
50 50 50 50 5 o
CEZ{)'/-VYDLM-AB CE2-07-M1LM-AD CEZ«O'/-VYDLM-BC CE2-07-M1LM-BD CEZ-O7-I\{I1LM—CD CE2-07-M1LMAC
I 1 I 1 I 1
- f— — f— — f—
MATRIX AB FAILS 1FAILS MATRIX BC FAILS 1FAILS MATRIX CD FAILS 1FAILS
/N > /N e AN e
CE2-10-LMAB CE2-RYL-F~LAB1 CE2-11-LMBC CE2-RYL-F-LBC1 CE2-14-LMCD CE2-RYL-F~LCD1
I 1 I 1 1
INPUT TOLOGIC AD QUTPUT RELAY INPUT TOLOGIC BD OUTPUT RELAY INPUT TOLOGIC /AC QUTPUT RELAY
— - — - — -
/o e /2 e /N -
CE2-15LMAD CE2-RYL-F~LAD1 CE2-12-LMBD CE2-RYL-F~LBD1 CE2-13-LMAC CE2-RYL-F-LAC1
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RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

CE2-08-CHA-NOTM

RPS CHANNEL
AIN TEST AND
MAINTENANCE

1.6E-2

CE2-RPS-TM-CHA

[CE2-08-CHA-NOTM -

RPS CHANNEL A NOT IN TEST AND MAINTENANCE
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FAILURE OF LOGIC
MATRIX RELAY
FOR K1 SIGNAL
(CHAINT&M)

A

CE2—09—I\I/I1LMATM

LOGIC MATRIX
OUTPUT RELAYS
FOR K1 SIGNAL
FAL (CHATEM)

CE2—09—|M1LM-1

CCF3OF3K1L
LOGIC MATRIC
RELAY OUTPUTS
(CHATEM

4.7E-7

CE2-RYL-CF-1LM30OF3TM

LOGIC MATRIX
BC OUTPUT RELAYS
TOK1FAL

CE2-09- II\/IlLM— BC

INPUT TOLOGIC
MATRIXBC FALS
(CHATE&M)

LOGIC MATRIX
BD OUTPUT RELAYS
TOKI1FALL

CE2-31-LMBCATM

BC OUTPUT RELAY
1FALS

2.6E-4

CE2-RYL-FF-LBC1

CE2-09-M1LM-BD

LOGIC MATRIX
CD OUTPUT RELAYS
TOKI1FAL

CE2-09- I}/IlLM—CD

INPUT TOLOGIC
MATRIXCD FALS
(CHATEM

CE2-33-LMCDATM

INPUT TO LOGIC
MATRIXBD FALS
(CHAT&M)

CE2-32-LMBDATM

BD OUTPUT RELAY
1FALS

2.6E-4

CE2-RYL-FF-LBD1

CD OUTPUT RELAY
1FALS

2.6E-4

CE2-RYL-FF-LCD1

CE2-09-M1LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K1 SIGNAL (CH A T&M)
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INPUT TO LOGIC
MATRIXAB FAILS

A

CHANNEL B PRESSURE
BISTABLE FAILS

AN

CE2-10-LMAB
1
I ]
INPUT SIGNAL INPUT SIGNAL
TO LOGIC MATRIX TO LOGIC MATRIX
AB FROM CHANNEL AB FROM CHANNEL
AFAILS B FAILS
CE2-1O-ITMAB-CA CE2-10-LMAB-CB
1
I ] I ]
CHANNEL A TEMPERATURE CHANNEL A PRESSURE CHANNEL B TEMPERATURE
BISTABLE FAILS BISTABLE FAILS BISTABLE FAILS
CE2-16-CHAT CE2-17-CHAP CE2-18-CHBT

CE2-19-CHBP

CE2-10-LMAB - INPUT SIGNAL TO LOGIC MATRIXAB FAILS
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INPUT TO LOGIC
MATRIXBC FAILS

[

CE2-11I-LMBC

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
B FAILS

CE2-ll-ITMBC-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CE2-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

AN

CE2-19-CHBP

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
CFAILS

CE2-11-LIMBC-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS

AN

CE2-20-CHCT

CHANNEL C PRESSURE
BISTABLE FAILS

CE2-21-CHCP

CE2-11-LMBC - INPUT SIGNAL TO LOGIC MATRIXBC FAILS
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INPUT TO LOGIC
MATRIXBD FAILS

[

CE2-12|-LMBD

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
B FAILS

CE2-12-ITMBD-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CE2-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

AN

CE2-19-CHBP

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
D FAILS

CE2-12-LIMBD-CD

CHANNEL D TEMPERATURE
BISTABLE FAILS

AN

CE2-22-CHDT

CHANNEL D PRESSURE
BISTABLE FAILS

CE2-23-CHDP

CE2-12-LMBD - INPUT SIGNAL TO LOGIC MATRIX BD FAILS
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INPUT TO LOGIC
MATRIXAC FAILS

[

CEZ-l?;-LMAC

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
AFAILS

CE2-13-ITMAC-CA

CHANNEL A TEMPERATURE
BISTABLE FAILS

CE2-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

CE2-17-CHAP

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
CFAILS

CE2-13-LIMAC-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS

AN

CE2-20-CHCT

CHANNEL C PRESSURE
BISTABLE FAILS

CE2-21-CHCP

CE2-13-LMAC - INPUT SIGNAL TO LOGIC MATRIXAC FAILS
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INPUT TO LOGIC
MATRIXCD FAILS

[

CEZ-lL}-LMCD

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
CFAILS

CE2-14-LIMCD-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS

AN

CE2-20-CHCT

CHANNEL C PRESSURE
BISTABLE FAILS

CE2-21-CHCP

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
D FAILS

CE2-14-LIMCD-CD

CHANNEL D TEMPERATURE
BISTABLE FAILS

AN

CE2-22-CHDT

CHANNEL D PRESSURE
BISTABLE FAILS

CE2-23-CHDP

CE2-14-LMCD - INPUT SIGNAL TO LOGIC MATRIX CD FAILS
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INPUT TO LOGIC
MATRIXAD FAILS

[

CE2-15|-LMAD

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
AFAILS

CE2-15-ITMAD-CA

CHANNEL A TEMPERATURE
BISTABLE FAILS

CE2-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

CE2-17-CHAP

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
D FAILS

CE2-15-LIMAD-CD

CHANNEL D TEMPERATURE
BISTABLE FAILS

AN

CE2-22-CHDT

CHANNEL D PRESSURE
BISTABLE FAILS

CE2-23-CHDP

CE2-15-LMAD - INPUT SIGNAL TO LOGIC MATRIXAD FAILS
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CHANNEL ATEMPERATURE

CE2-CBI-CF-T30F4

CE2-CPA-CF-T30F4

CE2-CTP-CF-HT30F4

BISTABLE FALS
CEZ-lfIS-CHAT
[ I | I |
CHANNEL AHOT CHANNEL ACOLD
CHANNEL ATEMPERATURE CHANNEL AANALOG CCF30F4COLD
LEG TEVPERATURE LEG TEMPERATURE
BISTABLE UNIT CORE PROTECTION LEG TEMPERATURE
FALS CALCULATOR FALS SENSORQNRCQSMWER SENSORTRANSMITTER SENSORS/TRANSMTTERS
5.0E-4 7.6E-3 8.4E-4 8.4E-4 1.0E-5
CE2-CBI-FF-TA CE2-CPA-FF-TA CE2-CTP-FF-HTA CE2-CTP-FF-CTA CE2-CTP-CF-CT30F4
CCF30F4 CCF30F4CORE CCF3OF4HOT
TEMPERATURE PROTECTION LEG TEMPERATURE
BISTABLES CALCULATORS SENSORS/TRANSMTTERS
7.2E-6 1.7E-4 1.0E-5

CE2-16-CHAT -

CHANNEL A TEMPERATURE BISTABLE FAILS
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CHANNEL A PRESSURE

BISTABLE FAILS

[

CE2—17I—CHAP
[ I I ]
CHANNEL A PRESSURE CHANNEL A PRESSURE CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE
BISTABLE FAILS SENSOR/EECQSMITTER SENSORS/TRANSMITTERS BISTABLES
5.0E-4 1.1E-4 2.5E-6 7.2E-6
CE2-CBI-FF-PA CE2-CPR-FF-PA CE2-CPR-CF-P30F4 CE2-CBI-CF-P30F4

CE2-17-CHAP - CHANNEL A PRESSURE BISTABLE FAILS
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CHANNEL B TEMPERATURE

CE2-CPA-CF-T30F4

CE2-CTP-CF-CT30F4 CE2-CPA-FF-TB

BISTABLE FALS
CE2-18|-CHBT
[ I | I |
CCF3OF 4HOT CHANNEL B TEMPERATURE CHANNEL B HOT CHANNEL B COLD
cors OgéTTEBNLPEEsRATURE LEG TEMPERATURE BISTABLE UNIT LEG TEMPERATURE LEG TEMPERATURE
SENSORS/TRANSMTTERS FALS SENSORITRANSMITTER SENSORITRANSMTTER
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4

CE2-CBI-CF-T30F4 CE2-CTP-CF-HT30F4 CE2-CBI-FF-TB CE2-CTP-FF-HTB CE2-CTP-FF-CTB
CCF3OF4 CORE CCF30F4COLD CHANNEL B ANALOG
PROTECTION LEG TEVMPERATURE CORE PROTECTION
CALCULATORS SENSORSITRANSMITERS CALCULATOR FALS

1.7E-4 1.0E-5 7.6E-3

CE2-18-CHBT - CHANNEL B TEMPERATURE BISTABLE FAILS
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CHANNEL B PRESSURE
BISTABLE FAILS

[

CE2—1?—CHBP
[ I I |
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL B PRESSURE CHANNEL B PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FAILS SENSORIFTE@ISMITTER
2.5E-6 7.2E-6 5.0E-4 1.1E-4
CE2-CPR-CF-P30F4 CE2-CBI-CF-P30F4 CE2-CBI-FF-PB CE2-CPR-FF-PB
CE2-19-CHBP - CHANNEL B PRESSURE BISTABLE FAILS 2001/03/02 Page 72
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CHANNEL C TEMPERATURE

CE2-CPA-CF-T30F4

CE2-CTP-CF-CT30F4 CE2-CPA-FF-TC

BISTABLE FALS
CE2-2(?-CHCT
[ I | I |
CCF 3 OF 4 TEMPERATURE CCF3OF4HOT CHANNEL C TEMPERATURE CHANNEL C HOT CHANNEL C COLD
BISTABLES LEG TEMPERATURE BISTABLE UNIT LEG TEMPERATURE LEG TEMPERATURE
SENSORS/TRANSMTTERS FALS SENSOR/TRANSMTTER SENSOR/TRANSMTTER
FALLS FALS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4
CE2-CBI-CF-T30F4 CE2-CTP-CF-HT30F4 CE2-CBI-FF-TC CE2-CTP-FF-HTC CE2-CTP-FF-CTC
CCF3 OF4 CORE CCF30F4COLD CHANNEL C ANALOG
PROTECTION LEG TEMPERATURE CORE PROTECTION
CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS
1.7E-4 1.0E-5 7.6E-3

CE2-20-CHCT - CHANNEL C TEMPERATURE BISTABLE FAILS
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CHANNEL C PRESSURE

BISTABLE FAILS

[

CE2—2:%—CHCP
[ I I ]
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL C PRESSURE CHANNEL C PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FALS SENSOR/FTEfgSMITTER
2.5E-6 7.2E-6 5.0E-4 1.1E-4
CE2-CPR-CF-P30F4 CE2-CBI-CF-P30F4 CE2-CBI-FF-PC CE2-CPR-FF-PC

CE2-21-CHCP - CHANNEL C PRESSURE BISTABLE FAILS
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CHANNEL D TEMPERATURE

CE2-CPA-CF-T30F4

CE2-CTP-CF-CT30F4 CE2-CPA-FF-TD

BISTABLE FALS
CE2-22|-CHDT
[ I | I |
CCF 3 OF 4 TEMPERATURE CCF3OF4HOT CHANNEL D TEMPERATURE CHANNEL D HOT CHANNEL D COLD
BISTABLES LEG TEMPERATURE BISTABLE UNIT LEG TEMPERATURE LEG TEMPERATURE
SENSORS/TRANSMTTERS FALS SENSOR/TRANSMITTER SENSOR/TRANSMTTER
FALLS FALS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4
CE2-CBI-CF-T30F4 CE2-CTP-CF-HT30F4 CE2-CBI-FF-TD CE2-CTP-FF-HTD CE2-CTP-FF-CTD
CCF 3 OF 4 CORE CCF30F4COLD CHANNEL D ANALOG
PROTECTION CALCULATORS LEG TEMPERATURE CORE PROTECTION
SENSORS/TRANSMTTERS CALCULATOR FALS
1.7E-4 1.0E-5 7.6E-3

CE2-22-CHDT - CHANNEL D TEMPERATURE BISTABLE FAILS
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CHANNEL D PRESSURE

BISTABLE FAILS

[

CE2—23|>—CHDP
[ I I |
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL D PRESSURE CHANNEL D PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FAILS SENSORIFTE@ISMITTER
2.5E-6 7.2E-6 5.0E-4 1.1E-4
CE2-CPR-CF-P30F4 CE2-CBI-CF-P30F4 CE2-CBI-FF-PD CE2-CPR-FF-PD

CE2-23-CHDP - CHANNEL D PRESSURE BISTABLE FAILS
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ATRX RELAY
FORK2 SIGNAL
(CHANOT IN
Tam
CE224M2LM
[ 1
LOGCMATRIX ccFecrek2
UTRUT RELAYS LOGCNATRIC
FORK2 SIGNAL RELAY QUTPUTS
FAL
20E7
CE224M2LML CE2-RYL-CF-2LM6OF6
I T T T T
LaGC TR LOGCMATRIX LOGCNATRIX LaGCATRX LOGCATRIX LOGCATRIX
ABQUTPUT RELAYS ADOUTPUT RELAYS BCQUTPUT RELAYS BDOUTPUT RELAYS COQUTPUT RELAYS ACOUTPUT RELAYS
TOKz FAIL TOKZFAIL TOKZFAIL TOKz FAIL TOKZFAIL FAL
CE224M2LM-AB CE2-24-M2LM-AD CE224M2LMBC CE2-24-M2LM-BD CE224442LM-CD CE224M2LMAC
I 1 I 1 I 1
INPUT TOLCBC AB CUTPUT RELAY INPUT TOLOGC BCQUTPUT RELAY INPUT TOLCGIC CoUTPUT RELAY
VATRIXAB FALS 2FaLS VATRIX BCFALS 2FALS VATRX COFALS 2FaLS
CE2-10LMAB CE2-RYL-FFLAB2 CE2-11-LMBC CE2RYL-FFLBC2 CE2-14LMCD CE2-RYL-FFLCD2
I 1 I 1 1
INPUT TOLOGC ADQUTPUT RELAY INPUT TOLOGC BDOUTPUT RELAY INPUT TOLOGC ACQUTPUT RELAY
VATRIX ADFALS 2FALS VATRX BOFALS 2FAILS MATRIXACFAILS 2FaLS
26E4 2.6E4 i 2.6E4
CE2-15LMAD CE2-RYLFFLAD2 CE2-12LMBD CE2-RYLFFLBD2 CE2-13LMAC CE2-RYL-FFLAC2
CE2-24-M2LM - FAILURE OF LOGIC MATRIX RELAYS FOR K2 SIGNAL 2001/06/07 Page 77
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FAILURE OF LOGIC
MATRIX RELAY
FOR K2 SIGNAL
(CHAINT&M)

A

CE2-25-I\I/I2LMATM

LOGIC MATRIX
OUTPUT RELAYS
FOR K2 SIGNAL
FAL (CHAT&M)

CE2—25—IM2LM-1

CCF3OF3K2
LOGIC MATRIC
RELAY OUTPUTS
(CHAT&M)

4.7E-7

CE2-RYL-CF-2LM30OF3TM

LOGIC MATRIX
BC OUTPUT RELAYS
TOK2 FAL

[

CE2-25- I}/IZLM-BC

INPUT TOLOGIC
MATRIXBC FALS
(CHAT&M)

CE2-31-LMBCATM

BC OUTPUT RELAY
2FALS

2.6E-4

CE2-RYL-FF-LBC2

LOGIC MATRIX
BD OUTPUT RELAYS
TOK2 FALL

A

CE2-25-M2LM-BD

LOGIC MATRIX
CD OUTPUT RELAYS
TOK2 FALL

[

CE2—25—I\I/I2LM—CD

INPUT TOLOGIC
MATRIXCD FALS
(CHAT&M)

CE2-33-LMCDATM

INPUT TOLOGIC

(CHAT&M)

MATRIXBD FALS

CE2-32-LMBDATM

BD OUTPUT RELAY
2FALS

2.6E-4

CE2-RYL-FF-LBD2

CD OUTPUT RELAY
2FALS

2.6E-4

CE2-RYL-FF-LCD2

CE2-25-M2LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K2 SIGNAL (CH A T&M)
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FAILURE OF MANUAL
SWITCH 2

A

CE2—2|6—MT2

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE2-XHE-XE-SCRAM

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE2-MSW-CF-20F4

MANUAL SWITCH
2 FAILS

1.3E-4

CE2-MSW-FF-MT2

[CE2-26-MT2 - MANUAL TRIP 2 FAILS
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—
o
R
s
:
CE2-27‘-M3LM
[ 1
- -
e o
FORK3 SIGNAL RELAY QUTPUTS
2
2.0E-7
CE2-27-1M3LM-1 CE2-RYL-CF3LM60OF6
I T T T T 1
- - - - - -
ey ey gy gy gy ey
50 50 50 50 5 -
CEZ-Z'/-VY\SLM-AB CE2-27-M3LM-AD CEZ-Z'/-VY\SLM-BC CE2-27-M3LM-BD CEZ-Z7-I\{I3LM—CD CE2-27-M3LMAC
I 1 I 1 I 1
- f— — f— - f—
p— o — e — o
/N > /N e AN e
CE2-10-LMAB CE2-RYL-F~LAB3 CE2-11-LMBC CE2-RYL-F-LBC3 CE2-14-LMCD CE2-RYL-F~LCD3
I 1 I 1 1
— — — — — —
— o — o — -
/o e /2 e /N e
CE2-15LMAD CE2-RYL-FFLAD3 CE2-12-LMBD CE2-RYL-F~LBD3 CE2-13-LMAC CE2-RYL-FFLAC3
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FAILURE OF LOGIC
MATRIX RELAY
FOR K3 SIGNAL
(CHAINT&M)

A

CE2-28-I\I/I3LMATM

LOGIC MATRIX CCF3OF3K3
OUTPUT RELAYS LOGIC MATRIC
FOR K3 SIGNAL RELAY OUTPUTS
FAL (CHAT&M) (CHATEM)
4.7E-7
CE2-28-M3LM-1 CE2-RYL-CF-3LM30OF3TM
]
I I ]
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOK3 FAL TOK3 FALL TOK3 FAL

[

CE2-28- I}/ISLM—BC

INPUT TOLOGIC
MATRIXBC FALS
(CHAT&M)

CE2-31-LMBCATM

BC OUTPUT RELAY
3FALS

2.6E-4

CE2-RYL-FF-LBC3

A

CE2-28-M3LM-BD

[

CE2-28—|\|/13LM-CD

INPUT TOLOGIC
MATRIXCD FALS
(CHAT&M)

CE2-33-LMCDATM

INPUT TOLOGIC

(CHAT&M)

MATRIXBD FALS

CE2-32-LMBDATM

BD OUTPUT RELAY
3FALS

2.6E-4

CE2-RYL-FF-LBD3

CD OUTPUT RELAY
3FALS

2.6E-4

CE2-RYL-FF-LCD3

CE2-28-M3LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K3 SIGNAL (CH A T&M)
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—
e
e
e
:
CE2-29‘-M4LM
[ 1
- o
o o
BT 5,
2
2.0E-7
CE2-29-1M4LM-1 CE2-RYL-CF4LM60F6
I T T T T 1
- - - - - -
ey ey gy gy gy -
50 50 50 50 5 o
CEZ-ZQ-VYMLM-AB CE2-29-MALM-AD CEZ-ZQ-VYMLM-BC CE2-29-MALM-BD CEZ-ZQ-I\{MLM—CD CE2-29-MALMAC
I 1 I 1 I 1
- f— — f— - f—
p— e — o — o
/N > /N e AN e
CE2-10-LMAB CE2-RYL-F~LAB4 CE2-11-LMBC CE2-RYL-F-LBCA CE2-14-LMCD CE2-RYL-F-LCD4
I 1 I 1 1
— — — — — —
— i — o — -
/o e /2 e /N e
CE2-15LMAD CE2-RYL-FFLAD4 CE2-12-LMBD CE2-RYL-F~LBD4 CE2-13-LMAC CE2-RYL-F-LACA
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FAILURE OF LOGIC
MATRIX RELAY
FOR K4 SIGNAL
(CHAINT&M)

CE2—3O—I\I/I4LMATM

LOGIC MATRIX CCF3OF3K4
OUTPUT RELAYS LOGIC MATRIC
FOR K4 SIGNAL RELAY OUTPUTS
FAL (CHATEM) (CHAT&M)
4.7E-7
CE2-30-MALM-1 CE2-RYL-CF-4LM30OF3TM
]
[ | |
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOK4 FAL TOK4 FAL TOK4 FALL

A

CE2—30—I}/I4LM—BC

INPUT TOLOGIC
MATRIX BC FAILS
(CHAT&M

CE2-31-LMBCATM

BC OUTPUT RELAY
4FALS

2.6E-4

CE2-RYL-FF-LBC4

A

CE2-30-M4LM-BD

A

CE2—30—IYI4LM—CD

INPUT TOLOGIC
MATRIX CD FAILS
(CHAT&M)

CD OUTPUT RELAY
4FALS

CE2-33-LMCDATM

INPUT TOLOGIC
MATRIX BD FAILS
(CHAT&M)

CE2-32-LMBDATM

BD OUTPUT RELAY
4FALS

2.6E-4

CE2-RYL-FF-LBD4

2.6E-4

CE2-RYL-FF-LCD4

CE2-30-M4LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K4 SIGNAL (CH A T&M)
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INPUT TO LOGIC
MATRIXBC FAILS
(CHA T&M)

A

CE2-3l-LIMBCATM

INPUT TO LOGIC MATRIX
BC FROM CHANNEL B
FAILS (CH A T&M)

CE2-31-ITMBC-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE2-34-CHBTATM

CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

INPUT TO LOGIC MATRIX
BC FROM CHANNEL C
FAILS (CH A T&M)

CE2-31-LIMBC-CC

CE2-35-CHBPATM

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE2-36-CHCTATM

CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

CE2-37-CHCPATM

CE2-31-LMBCATM -

INPUT SIGNAL TO LOGIC MATRIX BC FAILS (CH A T&M)

Fault Trees
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INPUT TO LOGIC
MATRIXBD FAILS
(CHA T&M)

[

CE2-32-LIMBDATM

INPUT TO LOGIC MATRIX
BD FROM CHANNEL B
FAILS (CH A T&M)

CE2-32-ITMBD-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE2-34-CHBTATM

CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

INPUT TO LOGIC MATRIX
BD FROM CHANNEL D
FAILS (CH A T&M)

CE2-32-LIMBD-CD

CE2-35-CHBPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE2-38-CHDTATM

CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

CE2-39-CHDPATM

CE2-32-LMBDATM -

INPUT SIGNAL TO LOGIC MATRIX BD FAILS (CH A T&M)

Fault Trees
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INPUT TO LOGIC
MATRIXCD FAILS
(CHA T&M)

[

CE2-33-LIMCDATM

INPUT TO LOGIC MATRIX
CD FROM CHANNEL C
FAILS (CH A T&M)

CE2-33-LIMCD-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE2-36-CHCTATM

CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

INPUT TO LOGIC MATRIX
CD FROM CHANNEL D
FAILS (CH A T&M)

CE2-33-LIMCD-CD

CE2-37-CHCPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE2-38-CHDTATM

CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

CE2-39-CHDPATM

CE2-33-LMCDATM -

INPUT SIGNAL TO LOGIC MATRIX CD FAILS (CH A T&M)
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CHANNEL B TEMPERATURE
BISTABLE FALS
(CHAT&M)

CE2-34-C}HBTATM

CE2-CPA-FF-TB

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CE2-CTP-FF-CTB

[ I | I
CHANNEL B HOT
CHANNEL B TEMPERATURE CCF2 OF 3 TEMPERATURE CCF2 OF3HOT
BISTABLE UNIT LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE
AL SENSORITRANSITTER ATEM SENSORS/TRANSMTTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5
CE2-CBI-FF-TB CE2-CTP-FF-HTB CE2-CBI-CF-T20F3TM CE2-CTP-CF-HT20F3TM
CHANNEL BCOLD

CHANNEL B ANALOG LEG TENPERATURE CCF2 OF 3 CORE

CORE PROTECTION SENSORTRANSMTTER PROTECTION CALCULATORS

CALCULATOR FALS FALS (CHATEM)

7.6E-3 8.4E-4 3.8E-4

CE2-CPA-CF-T20F3TM

3.7E-5

CE2-CTP-CF-CT20F3TM

CE2-34-CHBTATM -

CHANNEL B TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE2—35—CIIHBPATM

CHANNEL B PRESSURE
BISTABLE FAILS

5.0E-4

CE2-CBI-FF-PB

CHANNEL B PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 8.2E-6

CE2-CPR-FF-PB

CE2-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE2-CBI-CF-P20F3TM

CE2-35-CHBPATM - CHANNEL B PRESSURE BISTABLE FAILS (CH A T&M)
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CHANNEL C TEMPERATURE
BISTABLE FALLS
(CHAT&M)

CE2-36-CIHCTATM

CE2-CPA-FF-TC

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CE2-CTP-FF-CTC

[ I | I
CHANNEL C TEMPERATURE CHANNEL C HOT CCF2 OF 3 TEMPERATURE CCF2 OF 3 HOT
BISTABLE UNIT LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE
FALS SENSORmSMTTER ATEM) SENSORS/TRANSMTTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5
CE2-CBI-FF-TC CE2-CTP-FF-HTC CE2-CBI-CF-T20F3TM CE2-CTP-CF-HT20F3TM

CHANNEL C ANALOG CHANNEL C COLD CCF2 OF 3 CORE

CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS

CALCULATOR FALS SENSOR/IZ/CQ‘SMWER (CHAT&M)

7.6E-3 8.4E-4 3.8E-4

CE2-CPA-CF-T20F3TM

3.7E-5

CE2-CTP-CF-CT20F3TM

CE2-36-CHCTATM -

CHANNEL C TEMPERATURE BISTABLE FAILS (CH A T&M)

2001/06/07 Page 89

Fault Trees

93 Combustion Engineering RPS




CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE2—37—CfHCPATM

CHANNEL C PRESSURE
BISTABLE FAILS

5.0E-4

CE2-CBI-FF-PC

CHANNEL C PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 8.2E-6

CE2-CPR-FF-PC

CE2-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE2-CBI-CF-P20F3TM

CE2-37-CHCPATM - CHANNEL C PRESSURE BISTABLE FAILS (CH A T&M)
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CHANNEL D TEMPERATURE
BISTABLE FALS
(CHAT&M)

CE2-38-CIH DTATM

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CHANNEL D HOT
CHANNEL D TEMPERATURE CCF2 OF 3 TEMPERATURE CCF2 OF 3 HOT
BISTABLE UNIT S'gﬁgOTan’V:ENRSA,\TAUQER BISTABLES (CH LEG TEMPERATURE
FALS PALS ATEM) SENSORS/TRANSMTTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5
CE2-CBI-FF-TD CE2-CTP-FF-HTD CE2-CBI-CF-T20F3TM CE2-CTP-CF-HT20F3TM
CHANNEL D ANALOG CHANNEL D COLD CCF2 OF 3 CORE
CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS
CALCULATOR FAILS SENSOR/;FZf'gSMT"ER (CHAT&M)
7.6E-3 8.4E-4 3.8E-4

CE2-CPA-FF-TD

CE2-CTP-FF-CTD

CE2-CPA-CF-T20F3TM

3.7E-5

CE2-CTP-CF-CT20F3TM

CE2-38-CHDTATM -

CHANNEL D TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE2—39—CfHDPATM

CHANNEL D PRESSURE
BISTABLE FAILS

5.0E-4

CE2-CBI-FF-PD

CHANNEL D PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 8.2E-6

CE2-CPR-FF-PD

CE2-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE2-CBI-CF-P20F3TM

CE2-39-CHDPATM - CHANNEL D PRESSURE BISTABLE FAILS (CH A T&M)
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FAILURE OF MANUAL
SWITCH 3

A

CE2—4IO—MT3

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE2-XHE-XE-SCRAM

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE2-MSW-CF-20F4

MANUAL SWITCH
3 FAILS

1.3E-4

CE2-MSW-FF-MT3

CE2-40-MT3 - FAILURE OF MANUAL SWITCH 3
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FAILURE OF MANUAL
SWITCH4

A

CE2-4|1-MT4

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE2-XHE-XE-SCRAM

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE2-MSW-CF-20F4

MANUAL SWITCH
4 FAILS

1.3E-4

CE2-MSW-FF-MT4

CE2-41-MT4 - FAILURE OF MANUAL SWITCH 4
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REACTOR PROTECTION
(RPS)
FOR CEGROUP
3TYPEFALS
CE3-ql-RPS
[ 1
e HREE
FALTODEENERGIZE INSRT
Q 84E-7
CE3-01-RPS1 CE3-ROD-CF-RODS
[ 1
COWONCAUSE COMVONCAUSE EALURECETRIP
FAILURE OF BISTABLE FALUREOF LOGIC
TRPUNTS MATRIXRELAYS ORCUTERENERS
CE3-01-RPS1-BSF1 CE3-01-RPS1-LM~1 CE3-Ol-F\IPSl-TCB
[ 1
FALURECF TRP FALURE OF TRIP
CIRCUIT BREAKERS CIRCUIT BREAKERS
CEDM POWER SUPPLY CEDM POWER SUPPLY
1 2
CE3-O].-RFiSl-TCB-01 CE3-01-RFISl—TCB-02
[ 1 [ 1
FALURECETRIP FALURE OF TRIP FALURE OF TRIP FALUREOF TRIP
‘CIRCUIT BREAKER CIRCUIT CIRCUIT CIRCUIT BREAKER
TCB1ANDTCB-2 TCB-7ANDTCB-8 TCB-3AND TCB-4 TCB5AND TCB-6
CB-Ul—RP%l—TCB-Ol—lZ CE3-01-RPS1-TCB-01-78 CE3-Ol—RP§l—TCB—02-34 CE3-01-RPS1-TCB-02-56
[ 1 [ 1
FAILURE OF TRIP FAILURE OF TRIP FAILURE OF TRIP FALURECF TRIP
CIRCUIT BREAKER CIRCUIT BREAKER CIRCUIT BREAKER CIRCUIT BREAKER
ToBL TCB2 TCB3 ToB4
99 102 105 108
CE3-02-ML CE3-03-M2 CE3-04-M3 CE3-05-w4
[ 1 [
FAILURE OF TRIP FALURE OF TRIP FALURE OF TRIP
CROUT BREAER CRCUT BREAKER ORCUT BREAKER
TCB7 TCBS TCBS
CE3-04-M7 CE3-05-M8 CE3-02-M6

1

FALUREOF TRIP
CIRCUIT BREAGER
TCB6

CE3-03-M6

CE3-01-RPS - REACTOR PROTECTION SYSTEM (RPS) FOR CE GROUP 3 TYPE FAILS
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COMMON CAUSE
FAILURE OF BISTABLE
TRIP UNITS

CE3-01-RI;—’Sl-BSF-

1

CCF OF BISTABLE
TRIP UNITS

[

OPERATOR FAILS
TO MANUAL TRIP
RPS

CE3-Ol-RI;—’Sl-BSF-2

CE3-01-RPS1-MT1-F

CCF OF BISTABLE
TRIP UNITS DURING
CHAT&M

CE3-01-RPS1-BICHATM
|

RPS CHANNEL CCF SPECIFIC
A INTEST AND 4 OF 6 BISTABLE
MAINTENANCE TRIP UNITS (CH
A TEM)
1.6E-2 1.7E-6

CE3-RPS-TM-CHA

CE3-CBI-CF-40F6TM

CCF OF BISTABLE
TRIP UNITS (CH
A NOT IN T&M)

CE3-01-RPS1-BIF-4
|

RPS CHANNEL
AISNOTINTEST
AND MAINTENANCE

AN

CCF SPECIFIC
6 OF 8 BISTABLE
TRIP UNITS

CE3-08-CHA-NOTM

7.7E-7

CE3-CBI-CF-60F8

CE3-01-RPS1-BSF-1 -

COMMON CAUSE FAILURE OF BISTABLE TRIP UNITS
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COMMON CAUSE
FAILURE OF LOGIC

MATRIXRELAYS

CES-Ol-Rﬁ’Sl—LMF-l

OPERATOR FAILS
TO MANUAL TRIP
RPS

CE3-01-RPS1-MT1-F

CCF OF LOGIC
MATRIXRELAYS

[

CE3-01—RI?81—LMF-2

CCF OF LOGIC
MATRIXRELAYS
DURING CH A T&M

CE3-01-RPS1-CHATM
|

CCF OF LOGIC
MATRIXRELAYS
(CHANOTIN
T&M)

CE3-01-RPS1-LMF-3
|

RPS CHANNEL
AISNOTINTEST
AND MAINTENANCE

CCF SPECIFIC
RPS CHANNEL 6 OF 12 LOGIC
AINTEST AND MATRIX OUTPUT
MAINTENANCE RELAYS (CHA
T&M)
1.6E-2 LBE-7
CE3-RPS-TM-CHA CE3-RYL-CF-LMBOF12TM

AN

CE3-08-CHA-NOTM

CCF SPECIFIC
12 OF 24 LOGIC
MATRIX OQUTPUT

RELAYS

4.3E-8

CE3-RYL-CF-LM120F24

CE3-01-RPS1-LMF-1 -

COMMON CAUSE FAILURE OF LOGIC MATRIXRELAYS
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OPERATOR FAILS
TO MANUAL TRIP
RPS

A

CE3-Ol-RI|381-MT1-F

MANUAL TRIP
PATHS 1 AND 2
FAIL

CE3-01-RP|81-MT12-F

FAILURE OF MANUAL
SWITCH 1

£\

CES3-06-MT1

FAILURE OF MANUAL
SWITCH 2

AN

CES3-26-MT2

MANUAL TRIP
PATHS 3 AND 4
FAIL

CE3-Ol-RPISl-MT34-F

FAILURE OF MANUAL
SWITCH 3

CES3-40-MT3

FAILURE OF MANUAL
SWITCH 4

CE3-41-MT4

CE3-01-RPS1-MT1-F -

OPERATOR FAILS TO MANUAL TRIP RPS
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FAILURE OF TRIP
CIRCUIT BREAKER

TCB1
CE3-?2-M1
I ]
TRIP CIRCUIT FAILURE OF TRIP
BREAKER TCB-1 INITIATION CIRCUT
FAILS K1
CE3-02|—M1—CB CE3-02-M1-S
I 1 ]
TRIP CIRCUT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCB-1 BREAKER TCB-1 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE3-BME-FO-TB1 CE3-0|2-M1-4 CE3-BME-CF-TB20F8
I ]
TRIP GROUT TRIP CIRCUIT
BREAKER TCB-1 BREAKERTCB-1
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-02-M1-5 CE3-0|2-M1-6
I ]
CCF SPECIFIC TRIP GRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-1
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE3-BUV-CF-TB20F8 CE3-BUV-FO-TB1
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TBATCBS TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-1
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOWERFALS FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4

CES3-BSN-CF-TB20F8

CE3-PWR-CF-TB20OF4

CE3-PWR-FF-TB15

CE3-BSN-FO-TB1
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|
FAILURE OF TRIP
INITIATION CIRCUIT
K1
CE3-02-M1-S
1
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 1 CONTACT INITIATOR
KL
CE3-06-MT1 CE3—0|2—M1-F
[ | |
REACTOR TRIP
TRIP CONTACTOR CCF 2 OF 4 (1-OUT-OF-2
LOGIC MATRIX
KL RELAY FALLS RELAYS FOR KL TWICE) TRIP CONTACTORS
SIGNAL FAIL
12E-4 @ 4.8E-6
CE3-RYT-FF-ICK1 CE3-0|2-M1-1 CE3-RYT-CF-20F4
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FORK1 RELAYS FOR K1
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE3-O|2-M1-2 CE3-O|2-M1-3
[ | [ |
FAILURE OF LOGIC FAILURE OF LOGIC
A NOTIN TEST MATRXRELAY MATRIXRELAY ANTESTAND
FOR K1 SIGNAL FOR K1 SIGNAL MAINTENANCE
AND MAINTENANCE CHANOTIN QAN TEN
&M
CE3-08-CHA-NOTM CE3-07-M1LM CE3-09-M1LMATM CE3-RPS-TM-CHA
CE3-02-M1-S - FAILURE OF TRIP INITIATION CIRCUIT K1 2001/06/07 Page 100
Fault Trees 105 Combustion Engineering RPS



FAILURE OF TRIP

CIRCUIT BREAKER
TCBS
CE3-(IJ2-MS
I ]
FAILURE OF TRIP TRIP CIRCUIT
INITIATION CIRCUIT BREAKER TCB5
K1 FAILS
CE3-02-M1-S CE3-02|—M5—CB
I 1 ]
TRIP CIRCUIT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCBS BREAKER TCB-5 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE3-BME-FO-TB5 CE3-0|2-M5-4 CE3-BME-CF-TB20OF8
I ]
TRP ARCUT TRIP CIRCUIT
BREAKER TCB5 BREAKERTCB-5
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-02-M5-5 CE3—OI2-M5-6
I ]
CCF SPECIFIC TRIP GRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB5
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE3-BUV-CF-TB20OF8 CE3-BUV-FO-TB5
I I ]
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TOBATCRS TRIP GIRCUIT
2 OF 8 TRIP CIRCUIT TWICE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB5
BREAKER SHUNT BRKR SHUNT TRIP SHUNT TRIP DEVICE
TRIP DEVICE POWER DCPOVERFALS FAILS

1.1E-5 2.5E-6 6.0E-5 1.5E-4

CE3-BSN-CF-TB20OF8

CE3-PWR-CF-TB20OF4

CE3-PWR-FF-TB15

CE3-BSN-FO-TBS

CE3-02-M5 -

FAILURE OF TRIP CIRCUIT BREAKER TCB-5
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FAILURE OF TRIP
CIRCUIT BREAKER

TCB2
CE3»(I)3-M2
[ 1
TRIP CIRCUT FAILURE OF TRIP
BREAKERTCB2 INITIATION CIRCUIT
FAILS K2
CE3-03-M2-CB CE3-03-M2-S
1
[ I 1
TRIP CIRCUT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCB-2 BREAKER TCB-2 2 OF 8 TRIP GIRCUT
HARDWARE FAILURES CCOMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CES3-BME-FO-TB2 CE3-03-M2-4 CE3-BME-CF-TB20OF8
1
[ 1
TRIP CIRCUIT TRIP GIRCUT
BREAKER TCB-2 BREAKER TCB2
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-03-M2-5 CE3-OI3-M2—6
[ 1
CCF SPECIFIC TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-2
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CES3-BUV-CF-TB20OF8 CE3-BUV-FO-TB2
[ I 1
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 TCB2TCB6 TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB2
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4
CE3-BSN-CF-TB20OF8 CE3-PWR-CF-TB20OF4 CES3-PWR-FF-TB26 CE3-BSN-FO-TB2
FAILURE OF TRIP CIRCUIT BREAKER TCB-2 2001/06/07 Page 102
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]
FAILURE OF TRIP
INITIATION CIRCUIT
K2
CE3-03-M2-S
1
I ]
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 2 CONTACT INITIATOR
K2
CE3-26-MT2 CE3—0|3—M2-F
I I ]
REACTOR TRIP
TRIP CONTACTOR CCF 2 OF 4 (1-OUT-OF-2
LOGIC MATRIX
K2 RELAY FAILS RELAYS FOR K2 TWICE) TRIP CONTACTORS
SIGNAL FAIL
12E-4 @ 4.8E-6
CE3-RYT-FF-ICK2 CE3-0?-M2-1 CE3-RYT-CF-20F4
I ]
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR K2 RELAYS FOR K2
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE3-O.I?>-M2-2 CE3-Oi?>-M2-3
I ] I ]
FAILURE OF LOGIC FAILURE OF LOGIC
A IS NOT I TEST MATRIXRELAY MATRXRELAY AN TESTAND
FOR K2 SIGNAL FOR K2 SIGNAL MAINTENANCE
AND MAINTENANCE CHANOTIN PAYNNEAW
&M
A LoE2
CE3-08-CHA-NOTM CE3-24-M2LM CE3-25-M2LMATM CE3-RPS-TM-CHA
CE3-03-M2-S - FAILURE OF TRIP INITIATION CIRCUIT K2 2001/06/07 Page 103
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB-6

[

CE3-(I)3»M6
[ 1
FAILURE OF TRIP TRIP CIRCUT
INITIATION CIRCUIT BREAKER TCB6
K2 FAILS
CE3-03-M2-S CE3-03-M6-CB
1
[ I 1
TRIP CIRCUT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCB6 BREAKER TCB6 2 OF 8 TRIP GIRCUT
HARDWARE FAILURES CCOMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE3-BME-FO-TB6 CE3-03-M6-4 CE3-BME-CF-TB20OF8
1
[ 1
TRIP CIRCUIT TRIP CIRCUT
BREAKER TCB6 BREAKER TCB6
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-03-M6-5 CE3-OI3-M6—6
[ 1
CCF SPECIFIC TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-6
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CES3-BUV-CF-TB20OF8 CE3-BUV-FO-TB6
[ 1
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 TCB2TCB6 TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB6
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4
CE3-BSN-CF-TB20OF8 CE3-PWR-CF-TB20OF4 CES3-PWR-FF-TB26 CE3-BSN-FO-TB6
FAILURE OF TRIP CIRCUIT BREAKER TCB-6 2001/06/07 Page 104
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1
FAILURE OF TRIP
CIRCUIT BREAKER
TcB3
CE3-(I)4»M3
[ 1
TRIP GIRCUIT FAILURE OF TRIP
BREAKER TCB-3 INITIATION CIRCUIT
FAILS K3
CE3-04-M3-CB CE3-04-M3-S
I
[ I 1
TRIP CIRCUIT TRIP CIRCUT CCF SPECIFIC
BREAKERTCB3 BREAKER TCB-3 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES CCOMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE3-BME-FO-TB3 CE3-04-M3-4 CE3-BME-CF-TB20OF8
1
[ 1
TRIP CIRCUT TRIP CIRCUT
BREAKER TCB3 BREAKER TCB3
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-04-M3-5 CE3-O|4-M3—6
[ 1
CCF SPECIFIC TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-3
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CES3-BUV-CF-TB20OF8 CE3-BUV-FO-TB3
[ I 1
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 TCB3TCB7 TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB3
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4
CE3-BSN-CF-TB20OF8 CE3-PWR-CF-TB20OF4 CES3-PWR-FF-TB37 CE3-BSN-FO-TB3
FAILURE OF TRIP CIRCUIT BREAKER TCB-3 2001/06/07 Page 105
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|
FAILURE OF TRIP
INITIATION CIRCUIT
K3
CE3-04-M3-S
1
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 3 CONTACT INITIATOR
K3
CE3-40-MT3 CE3—0T1—M3-F
[ | |
REACTOR TRIP
TRIP CONTACTOR CCF 2 OF 4 (1-OUT-OF-2
LOGIC MATRIX
K3 RELAY FAILS RELAYS FOR K3 TWICE) TRIP CONTACTORS
SIGNAL FAIL
1.2E-4 @ 4.8E-6
CE3-RYT-FF-ICK3 CE3-0|4-M3-1 CE3-RYT-CF-20F4
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FORK3 RELAYS FOR K3
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE3-Ofl-M3-2 CE3-OI4-M3-3
[ | [ |
FAILURE OF LOGIC FAILURE OF LOGIC
A IS NOTIN TEST MATRIRELAY MATRXRELAY ANTEST AND
FOR K3 SIGNAL FOR K3 SIGNAL MAINTENANCE
AND MAINTENANCE (CHANOTIN (CHA IN TeM)
I&M
CE3-08-CHA-NOTM CES3-27-M3LM CE3-28-M3LMATM CE3-RPS-TM-CHA
CE3-04-M3-S - FAILURE OF TRIP INITIATION CIRCUIT K3 2001/06/07 Page 106
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB-7
CE3-04-M7
1
[ 1
FAILURE OF TRIP TRIP CIRCUIT
INITIATION CIRCUIT BREAKER TCB-7
K3 FAILS
CE3-04-M3-S CE3-04-M7-CB
]
[ I 1
TRIP CIRCUT TRIP CIRCUT CCF SPECIFIC
BREAKER TCB-7 BREAKER TCB-7 2OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE3-BME-FO-TB7 CE3-04-M7-4 CE3-BME-CF-TB20OF8
1
[ 1
TRIP CIRCUT TRIP CIRCUT
BREAKER TCB-7 BREAKER TCB-7
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-04-M7-5 CE3-O|4-M7-6
[ 1
CCF SPECIFIC TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-7
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CE3-BUV-CF-TB20OF8 CE3-BUV-FO-TB7
[ I 1
CCF SPECIFIC CCF 2 OF 4 (1-OF2 TCB3-TCB7 TRIP CIRCUIT
2 OF 8 TRIP GIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB-7
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 25E-6 6.0E-5 15E-4
CE3-BSN-CF-TB20OF8 CE3-PWR-CF-TB20OF4 CE3-PWR-FF-TB37 CE3-BSN-FO-TB7
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FAILURE OF TRIP

CIRCUIT BREAKER
TCB4
CE3—(I)5-M4
[ 1
TRIP CIRCUT FAILURE OF TRIP
BREAKER TCP-4 INITIATION CIRCUIT
FAILS K4
CE3-05-M4-CB CE3-05-M4-S
1
[ I 1
TRIP CIRCUT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCB4 BREAKER TCB-4 2 OF 8 TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CES3-BME-FO-TB4 CE3-05-M4-4 CE3-BME-CF-TB20OF8
1
[ 1
TRIP CIRCUT TRIP CIRCUT
BREAKER TCB4 BREAKER TCB4
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-05-M4-5 CE3-O:5—M4—6
[ 1
CCF SPECIFIC TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB4
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CES3-BUV-CF-TB20OF8 CE3-BUV-FO-TB4
[ 1
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 TCB4-TCBS TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB4
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4
CE3-BSN-CF-TB20OF8 CE3-PWR-CF-TB20OF4 CES3-PWR-FF-TB48 CE3-BSN-FO-TB4
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FAILURE OF TRIP

INITIATION CIRCUIT
K4
CE3-05-M4-S
]
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 4 CONTACT INITIATOR
K4
CE3-41-MT4 CE3-O'|5-M4-F
[ I |
REACTOR TRIP
TRIP CONTACTOR CCF 2 OF 4 (1-OUT-OF-2
LOGIC MATRIX
K4 RELAY FAILS RELAYS FOR K& TWICE) TRIP CONTACTORS
SIGNAL FAIL
1.2E-4 Ql 4.8E-6
CE3-RYT-FF-ICK4 CE3-RYT-CF-20F4

CE3—0|5-M4-1

LOGIC MATRIX
RELAYS FOR K4
FAIL (NO RPS
T&M)
CE3-05-M4-2
|
[ 1
FAILURE OF LOGIC
RPS CHANNEL MATRIXRELAY
AIS NOT IN TEST FOR K4 SIGNAL
AND MAINTENANCE (CH A NOT IN T&M)

AN

CE3-08-CHA-NOTM

CE3-29-M4LM

LOGIC MATRIX
RELAYS FOR K4
FAIL (CH A T&M)

CE3-O|5-M4-3

FAILURE OF LOGIC
MATRIX RELAY
FOR K4 SIGNAL

(CHA INT&M)

RPS CHANNEL
AINTEST AND
MAINTENANCE

/=N

CE3-30-M4LMATM

1.6E-2

CE3-RPS-TM-CHA
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB8

[

CE3-95»M8
[ 1
FAILURE OF TRIP TRIP CIRCUT
INITIATION CIRCUIT BREAKER TCP-8
Ka FAILS
CE3-05-M4-S CE3-05-M8-CB
1
[ 1 1
TRIP CIRCUT TRIP CIRCUIT CCF SPECIFIC
BREAKER TCB-8 BREAKER TCB8 2 OF 8 TRIP GIRCUT
HARDWARE FAILURES CCOMMAND FAILURES BREAKERS
1.8E-5 1.0E-6
CE3-BME-FO-TB8 CE3-05-M8-4 CE3-BME-CF-TB20OF8
1
[ 1
TRIP CIRCUT TRIP CIRCUT
BREAKER TCB8 BREAKER TCB-8
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE3-05-M8-5 CE3-O:5—M8—6
[ 1
CCF SPECIFIC TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT BREAKER TCB-8
BREAKER UNDERVOLTAGE UNDERVOLTAGE
DEVICE DEVICE FAILS
5.4E-5 1.1E-3
CES3-BUV-CF-TB20OF8 CE3-BUV-FO-TB8
[ 1
CCF SPECIFIC CCF 2 OF 4 (1-OF-2 TCB4-TCBS TRIP CIRCUIT
2 OF 8 TRIP CIRCUIT TWCE) TRIP CIRCUIT SHUNT TRIP DEVICE BREAKER TCB8
BREAKER SHUNT BRKR SHUNT TRIP DC POWER FAILS SHUNT TRIP DEVICE
TRIP DEVICE POWER FAILS
1.1E-5 2.5E-6 6.0E-5 1.5E-4
CE3-BSN-CF-TB20OF8 CE3-PWR-CF-TB20OF4 CES3-PWR-FF-TB48 CE3-BSN-FO-TB8
FAILURE OF TRIP CIRCUIT BREAKER TCB-8 2001/06/07 Page 110
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FAILURE OF MANUAL
SWITCH 1

A

CE3—O|6—MT1

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE3-XHE-XE-SCRAM

MANUAL SWITCH
1 FAILS

1.3E4

CE3-MSW-FF-MT1

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE3-MSW-CF-20F4

[CE3-06-MT1 - MANUAL TRIP 1 FAILS
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—
e
R
s
:
CE3‘O7‘-M1LM
[ 1
g -
e "
FORKL SIGNAL RELAY QUTPUTS
2
2.0E-7
CE3-07-1M1LM-1 CE3-RYL-CF1LM60OF6
I T T T T 1
- o - - - -
ey ey gy gy gy ey
50 50 50 50 5 o
CES{)'/-VYDLM-AB CE3-07-M1LM-AD CES«O'/-VYDLM-BC CE3-07-M1LM-BD CES-O7-I\{I1LM—CD CE3-07-M1LMAC
I 1 I 1 I 1
- f— — f— — f—
MATRIX AB FAILS 1FAILS MATRIX BC FAILS 1FAILS MATRIX CD FAILS 1FAILS
AN > /o e AN e
CE3-10-LMAB CE3-RYL-F~LAB1 CE3-11-LMBC CE3-RYL-F-LBC1 CE3-14-LMCD CE3-RYL-F-LCD1
I 1 I 1 1
INPUT TOLOGIC AD QUTPUT RELAY INPUT TOLOGIC BD OUTPUT RELAY INPUT TOLOGIC /AC QUTPUT RELAY
— - — - — -
AN e AN - AN -
CE3-15LMAD CE3-RYL-F~LAD1 CE3-12-LMBD CE3-RYL-F~LBD1 CE3-13-LMAC CE3-RYL-FLAC1
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RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

CE3-08-CHA-NOTM

RPS CHANNEL
AIN TEST AND
MAINTENANCE

1.6E-2

CE3-RPS-TM-CHA

ICE3-08-CHA-NOTM -

RPS CHANNEL A NOT IN TEST AND MAINTENANCE
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FAILURE OF LOGIC
MATRIXRELAY FOR K1
SIGNAL (CH AIN T&M)

A

CES3-09- I\I/IlLMATM

LOGIC MATRIXOUTPUT
RELAYS FOR K1
SIGNAL FAIL (CHAT&M)

CE3—09—|M1LM—1

CCF3OF3K1L
LOGIC MATRIC
RELAY OUTPUTS
(CHAT&M)

4.7E-7

CES3-RYL-CF-1LM30OF3TM

LOGIC MATRIX
BC OUTPUT RELAYS
TOK1 FAL

[

CE3-09- l}/llLM—BC

INPUT TOLOGIC
MATRIXBC FALS
(CHAT&M)

CE3-31-LMBCATM

BC OUTPUT RELAY
1FALS

2.6E-4

CE3-RYL-FF-LBC1

LOGIC MATRIX
BD OUTPUT RELAYS
TOK1 FAL

A

CE3-09-M1LM-BD

LOGIC MATRIX
CD OUTPUT RELAYS
TOK1 FAL

[

CE3-09- I\I/IlLM-CD

INPUT TOLOGIC
MATRIXCD FALS
(CHAT&M)

CE3-33-LMCDATM

INPUT TOLOGIC

(CHAT&M)

MATRIXBD FALS

AN

CE3-32-LMBDATM

BD OUTPUT RELAY
1FALS

2.6E-4

CES3-RYL-FF-LBD1

CD OUTPUT RELAY
1FALS

2.6E-4

CE3-RYL-FF-LCD1

CE3-09-M1LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K1 SIGNAL (CH A T&M)
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INPUT TO LOGIC
MATRIXAB FAILS

A

CHANNEL B PRESSURE
BISTABLE FAILS

CE3-10-LMAB
1
I ]
INPUT SIGNAL INPUT SIGNAL
TO LOGIC MATRIX TO LOGIC MATRIX
AB FROM CHANNEL AB FROM CHANNEL
AFAILS B FAILS
CE3-1O-ITMAB-CA CE3-10-LMAB-CB
1
I ] I ]
CHANNEL A TEMPERATURE CHANNEL A PRESSURE CHANNEL B TEMPERATURE
BISTABLE FAILS BISTABLE FAILS BISTABLE FAILS
CE3-16-CHAT CE3-17-CHAP CE3-18-CHBT

CE3-19-CHBP

CE3-10-LMAB - INPUT SIGNAL TO LOGIC MATRIXAB FAILS
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INPUT TO LOGIC
MATRIXBC FAILS

[

CE3-11I-LMBC

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
B FAILS

CE3-11-ITMBC-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CES3-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

CES3-19-CHBP

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
CFAILS

CE3-11-LIMBC-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS

AN

CES3-20-CHCT

CHANNEL C PRESSURE
BISTABLE FAILS

CES3-21-CHCP

CE3-11-LMBC - INPUT SIGNAL TO LOGIC MATRIXBC FAILS
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INPUT TO LOGIC
MATRIXBD FAILS

[

CE3-12|-LMBD

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
B FAILS

CE3-12-ITMBD-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CES3-18-CHBT

CHANNEL B PRESSURE
BISTABLE FAILS

CES3-19-CHBP

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
D FAILS

CE3-12-LIMBD-CD

CHANNEL D TEMPERATURE
BISTABLE FAILS

AN

CES3-22-CHDT

CHANNEL D PRESSURE
BISTABLE FAILS

CE3-23-CHDP

CE3-12-LMBD - INPUT SIGNAL TO LOGIC MATRIX BD FAILS
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INPUT TO LOGIC
MATRIXAC FAILS

[

CE3-13|>-LMAC

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
AFAILS

CE3-13-ITMAC-CA

CHANNEL A TEMPERATURE
BISTABLE FAILS

AN

CES3-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

AN

CES3-17-CHAP

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
CFAILS

CE3-13-LIMAC-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS

AN

CES3-20-CHCT

CHANNEL C PRESSURE
BISTABLE FAILS

CES3-21-CHCP

CE3-13-LMAC - INPUT SIGNAL TO LOGIC MATRIXAC FAILS
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INPUT TO LOGIC
MATRIXCD FAILS

[

CE3-1£}-LMCD

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
CFAILS

CE3-14-LIMCD-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS

AN

CE3-20-CHCT

CHANNEL C PRESSURE
BISTABLE FAILS

CES3-21-CHCP

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
D FAILS

CE3-14-LIMCD-CD

CHANNEL D TEMPERATURE
BISTABLE FAILS

AN

CES3-22-CHDT

CHANNEL D PRESSURE
BISTABLE FAILS

CE3-23-CHDP

CE3-14-LMCD - INPUT SIGNAL TO LOGIC MATRIX CD FAILS
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INPUT TO LOGIC
MATRIXAD FAILS

[

CE3-15|-LMAD

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
AFAILS

CE3-15-ITMAD-CA

CHANNEL A TEMPERATURE
BISTABLE FAILS

AN

CES3-16-CHAT

CHANNEL A PRESSURE
BISTABLE FAILS

AN

CES3-17-CHAP

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
D FAILS

CE3-15-LIMAD-CD

CHANNEL D TEMPERATURE
BISTABLE FAILS

AN

CES3-22-CHDT

CHANNEL D PRESSURE
BISTABLE FAILS

CE3-23-CHDP

CE3-15-LMAD - INPUT SIGNAL TO LOGIC MATRIXAD FAILS
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CHANNEL ATEMPERATURE

CE3-CBI-CF-T30F4

CE3-CPD-CF-T30F4

CE3-CTP-CF-HT30F4

BISTABLE FALS
CE3—lEIS-CHAT
I I ] I ]
CHANNEL A TEMPERATURE CHANNEL ADIGITAL CHANNEL AHOT CHANNEL ACOLD CCF30F4COLD
BISTABLE UNIT CORE PROTECTION LEG TEMPERATURE LEG TEMPERATURE LEG TEMPERATURE
FALS CALCULATOR FALS SENSOR/TRANSMTTER SENSOR/TRANSMITTER SENSORS/TRANSMTTERS
FALS FALS
5.0E-4 2.7E-3 8.4E-4 8.4E-4 1.0E-5
CE3-CBI-FF-TA CES3-CPD-FF-TA CE3-CTP-FF-HTA CE3-CTP-FF-CTA CE3-CTP-CF-CT30F4
CCF30F4 CCF 3 OF 4 CORE CCF 30F 4 HOT
TEMPERATURE PROTECTION LEG TEMPERATURE
BISTABLES CALCULATORS SENSORS/TRANSMTTERS
7.2E-6 5.7E-5 1.0E-5

CE3-16-CHAT -

CHANNEL A TEMPERATURE BISTABLE FAILS
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CHANNEL A PRESSURE

BISTABLE FAILS

[

CE3—17I—CHAP
[ I I ]
CHANNEL A PRESSURE CHANNEL A PRESSURE CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE
BISTABLE FAILS SENSOR/EECQSMITTER SENSORS/TRANSMITTERS BISTABLES
5.0E-4 1.1E-4 1.5E-6 7.2E-6
CE3-CBI-FF-PA CE3-CPR-FF-PA CE3-CPR-CF-P30F4 CE3-CBI-CF-P30F4

CE3-17-CHAP - CHANNEL A PRESSURE BISTABLE FAILS
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CHANNEL B TEMPERATURE
BISTABLE FAILS

[

CE3-18-CHBT
1
[ I I I ]
CCF30F4 CCF 30F 4 HOT CHANNEL B TEMPERATURE CHANNEL B HOT CHANNEL B COLD
TEMPERATURE LEG TEMPERATURE BISTABLE UNIT LEG TEMPERATURE LEG TEMPERATURE
BISTABLES SENSORSTRANSMITERS FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER
FALS FALLS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4

CE3-CBI-CF-T30F4 CE3-CTP-CF-HT30F4 CE3-CBIFF-TB CE3-CTP-FF-HTB CE3-CTP-FF-CTB

CCF 3 OF 4 CORE CCF 3 OF 4 COLD CHANNEL B DIGITAL

PROTECTION LEG TEMPERATURE CORE PROTECTION

CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS

5.7E-5 1.0E-5 2.7E-3

CE3-CPD-CF-T30F4 CE3-CTP-CF-CT30F4 CE3-CPD-FF-TB

CE3-18-CHBT - CHANNEL B TEMPERATURE BISTABLE FAILS 2001/06/07 Page 123
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CHANNEL B PRESSURE
BISTABLE FAILS

[

CE3—1?—CHBP
[ I I |
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL B PRESSURE CHANNEL B PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FAILS SENSORIFTE@ISMITTER
1.5E-6 7.2E-6 5.0E-4 1.1E-4
CE3-CPR-CF-P30F4 CE3-CBI-CF-P30F4 CE3-CBI-FF-PB CE3-CPR-FF-PB
CE3-19-CHBP - CHANNEL B PRESSURE BISTABLE FAILS 2001/03/02 Page 124
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CHANNEL C TEMPERATURE
BISTABLE FAILS

A

CE3-2(}—CHCT
[ I I I ]
CCF30F4 CCF 30F 4 HOT CHANNEL € TEMPERATURE CHANNEL C HOT CHANNEL C COLD
TEMPERATURE LEG TEMPERATURE BISTABLE UNIT LEG TEMPERATURE LEG TEMPERATURE
BISTABLES SENSORSTRANSMITERS FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER
FALS FALLS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4
CE3-CBI-CF-T30F4 CE3-CTP-CF-HT30F4 CE3-CBI-FF-TC CE3-CTP-FF-HTC CE3-CTP-FF-CTC
CCF 3 OF 4 CORE CCF 3 OF 4 COLD CHANNEL C DIGITAL
PROTECTION LEG TEMPERATURE CORE PROTECTION
CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS
5.7E-5 1.0E-5 2.7E-3

CE3-CPD-CF-T30F4 CE3-CTP-CF-CT30F4 CE3-CPD-FF-TC

CE3-20-CHCT - CHANNEL C TEMPERATURE BISTABLE FAILS 2001/06/07 Page 125
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CHANNEL C PRESSURE

BISTABLE FAILS

[

CE3—2:%—CHCP
[ I I ]
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL C PRESSURE CHANNEL C PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FALS SENSOR/FTEfgSMITTER
1.5E-6 7.2E-6 5.0E-4 1.1E-4
CE3-CPR-CF-P30F4 CE3-CBI-CF-P30F4 CE3-CBI-FF-PC CE3-CPR-FF-PC

CE3-21-CHCP - CHANNEL C PRESSURE BISTABLE FAILS

2001/03/02 Page 126

Fault Trees

131 Combustion Engineering RPS




CHANNEL D TEMPERATURE
BISTABLE FAILS

A

CE3-22-CHDT
1
[ I I I ]
CCF30F4 CCF 30F 4 HOT CHANNEL D TEMPERATURE CHANNEL D HOT CHANNEL D COLD
TEMPERATURE LEG TEMPERATURE BISTABLE UNIT LEG TEMPERATURE LEG TEMPERATURE
BISTABLES SENSORSTRANSMITERS FAILS SENSOR/TRANSMITTER SENSOR/TRANSMITTER
FALS FALLS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4

CE3-CBI-CF-T30F4 CE3-CTP-CF-HT30F4 CE3-CBIFF-TD CE3-CTP-FF-HTD CE3-CTP-FF-CTD

CCF 3 OF 4 CORE CCF 3 OF 4 COLD CHANNEL D DIGITAL

PROTECTION LEG TEMPERATURE CORE PROTECTION

CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS

5.7E-5 1.0E-5 2.7E-3

CE3-CPD-CF-T30F4 CE3-CTP-CF-CT30F4 CE3-CPD-FF-TD

CE3-22-CHDT - CHANNEL D TEMPERATURE BISTABLE FAILS 2001/06/07 Page 127
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CHANNEL D PRESSURE

BISTABLE FAILS

[

CE3—23|>—CHDP
[ I I |
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL D PRESSURE CHANNEL D PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FAILS SENSORIFTE@ISMITTER
1.5E-6 7.2E-6 5.0E-4 1.1E-4
CE3-CPR-CF-P30F4 CE3-CBI-CF-P30F4 CE3-CBI-FF-PD CE3-CPR-FF-PD

CE3-23-CHDP - CHANNEL D PRESSURE BISTABLE FAILS
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BT
o
CE3-24}-M2LM
I 1
FORK2 SIGNAL RELAY QUTPUTS

2.0E7

CE3-24—1M2LM-1 CE3-RYL-CF-2LM60F6
I T T T T
CES—ZA-VY\ZLM-AB CE3-24-M2LM-AD CES-ZA-VY\ZLM-BC CE3-24-M2LM-BD CES-ZA-I\{IZLM—CD CE3-24-M2LMAC
I 1 I 1 I 1
CE3-10-LMAB CE3-RYL-F~LAB2 CE3-11-LMBC CE3-RYL-F-LBC2 CE3-14-LMCD CE3-RYL-F~LCD2
I 1 I 1 1
CE3-15-LMAD CE3-RYL-F~LAD2 CE3-12-LMBD CE3-RYL-FFLBD2 CE3-13-LMAC CE3-RYL-FLAC2
CE3-24-M2LM - FAILURE OF LOGIC MATRIXRELAYS FOR K2 SIGNAL 2001/06/07 Page 129

Fault Trees

134 Combustion Engineering RPS




FAILURE OF LOGIC
MATRIX RELAY
FOR K2 SIGNAL

(CHAINT&M)

CE3—25—I\I/I2LMATM

LOGIC MATRIX
OUTPUT RELAYS
FOR K2 SIGNAL
FAL (CHATEM)

CE3-25rIM2LM-l

CCF3OF3K2
LOGIC MATRIC
RELAY OUTPUTS
(CHAT&M)

4.7E-7

CES3-RYL-CF-2LM30OF3T™M

LOGIC MATRIX
BC OUTPUT RELAYS
TOK2 FAL

A

CE3—25—I}/I2LM—BC

LOGIC MATRIX
BD OUTPUT RELAYS
TOK2 FAL

INPUT TOLOGIC
MATRIX BC FAILS
(CHATEM)

CE3-31-LMBCATM

BC OUTPUT RELAY
2FALS

2.6E-4

CES3-RYL-FF-LBC2

A

CE3-25-M2LM-BD

LOGIC MATRIX
CD OUTPUT RELAYS
TOK2 FAIL

A

CES3-25- IYIZLM-CD

INPUT TOLOGIC
MATRIX CD FAILS
(CHAT&M)

CD OUTPUT RELAY
2FALS

CE3-33-LMCDATM

INPUT TOLOGIC
MATRIXBD FALLS
(CHATEM)

/o\

CE3-32-LMBDATM

BD OUTPUT RELAY
2FALS

2.6E-4

CES3-RYL-FF-LBD2

2.6E-4

CE3-RYL-FF-LCD2

CE3-25-M2LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K2 SIGNAL (CH A T&M)
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FAILURE OF MANUAL
SWITCH 2

A

CE3—2|6—MT2

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE3-XHE-XE-SCRAM

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE3-MSW-CF-20F4

MANUAL SWITCH
2 FAILS

1.3E-4

CE3-MSW-FF-MT2

[CE3-26-MT2 - MANUAL TRIP 2 FAILS
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—
e
R
e
:
CE3-27‘-M3LM
[ 1
- —
o o
FORK3 SIGNAL RELAY QUTPUTS
2
2.0E-7
CE3-27-1M3LM-1 CE3-RYL-CF-3LM60F6
I T T T T 1
- - - - - -
ey ey gy gy gy ey
50 50 50 50 5 -
CES—Z'/-VY\SLM-AB CE3-27-M3LM-AD CES-Z'/-VY\SLM-BC CE3-27-M3LM-BD CES-Z7-I\{I3LM—CD CE3-27-M3LMAC
I 1 I 1 I 1
- f— — f— - f—
p— o — e — o
AN > /o e AN e
CE3-10-LMAB CE3-RYL-F~LAB3 CE3-11-LMBC CE3-RYL-F-LBC3 CE3-14-LMCD CE3-RYL-F~LCD3
I 1 I 1 1
— — — — — —
— i — o — -
AN e AN e AN »
CE3-15LMAD CE3-RYL-FFLAD3 CE3-12-LMBD CE3-RYL-F~LBD3 CE3-13-LMAC CE3-RYL-FFLAC3

2001/06/07 Page 132

CE3-27-M3LM - FAILURE OF LOGIC MATRIXRELAYS FOR K3 SIGNAL

Fault Trees 137 Combustion Engineering RPS



FAILURE OF LOGIC
MATRIX RELAY
FOR K3 SIGNAL

(CHAINT&M)

CE3-28-I\I/BLMATM

LOGIC MATRIX CCF3OF3K3
OUTPUT RELAYS LOGIC MATRIC
FOR K3 SIGNAL RELAY OUTPUTS
FAL (CHATEM) (CHAT&M)
4.7E-7
CE3-28-M3LM-1 CE3-RYL-CF-3LM30OF3TM
]
[ | |
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOK3 FAL TOK3 FAL TOK3 FAL

A

CE3—28—|}/13LM-BC

INPUT TOLOGIC
MATRIX BC FAILS
(CHATEM)

CE3-31-LMBCATM

BC OUTPUT RELAY
3FALS

2.6E-4

CES3-RYL-FF-LBC3

A

CE3-28-M3LM-BD

[

CE3-28- l}/ISLM—CD

INPUT TOLOGIC
MATRIX CD FAILS
(CHAT&M)

CD OUTPUT RELAY
3FALS

CE3-33-LMCDATM

INPUT TOLOGIC
MATRIXBD FALLS
(CHATEM)

/o\

CE3-32-LMBDATM

BD OUTPUT RELAY
3FALS

2.6E-4

CES3-RYL-FF-LBD3

2.6E-4

CE3-RYL-FF-LCD3

CE3-28-M3LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K3 SIGNAL (CH A T&M)
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1

ACOUTPUT RELAYS

CE3-29-MALMAC

A
pure o
s
(CHANOT IN
T&M
CEB'Z%‘MALM
I 1
o aracres
s R
pomche
Q 2.0E-7
CE3-29-1M4LM-1 CE3-RYL-CF4LM60OF6
I T T T T
o oo oo oocmrm oscmrm
iy o pclmo e corEo T coREo e
CE3-29-7\{14LM-AB CE3-29-M4ALM-AD CE3-29-7\1A4LM-BC CE3-29-M4LM-BD (I3-29-’\{|4LM-CD
I 1 I 1 I 1
J—— JU—— P P J— -
DL o ol TS el TS
CE3-10-LMAB CE3-RYL-F~LAB4 CE3-11-LMBC CE3-RYL-F-LBC4 CE3-14-LMCD CE3-RYL-F-LCD4
I 1 I 1
R JR— R S J——
ol T pzToie gl pezToie
2684 A 2684 i
CE3-15-LMAD CE3-RYL-F-LAD4 CE3-12-LMBD CE3-RYL-F~LBD4 CE3-13-LMAC

1

ACUTPUT RELAY
4FALS

2.6E4

CE3-RYL-F-LACA
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FAILURE OF LOGIC
MATRIXRELAY FOR K4
SIGNAL (CH AIN T&M)

CE3-3O-I\I/I4LMATM

iyl CCF30F3K4LOGIC
MATRIC RELAY
FOR K4 SIGNAL OUTPIRIC RELAY
FAIL (CH AT&M) (CHATEM
4.7E-7
CE3-30-M4LM-1 CE3-RYL-CF-4LM3OF3TM
I
[ | |
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOKA FAL TOKA FAL TOKA4 FAL

A

CE3—30—I}/I4LM—BC

INPUT TOLOGIC
MATRIX BC FAILS
(CHAT&M)

CE3-31-LMBCATM

BC OUTPUT RELAY
4FALS

2.6E-4

CES3-RYL-FF-LBC4

A

CE3-30-M4LM-BD

A

CE3—30—I}/I4LM—CD

INPUT TOLOGIC
MATRIX CD FAILS
(CHAT&M)

CE3-33-LMCDATM

INPUT TOLOGIC
MATRIX BD FALS
(CHAT&M)

/o\

CE3-32-LMBDATM

BD OUTPUT RELAY
4FALS

2.6E-4

CES3-RYL-FF-LBD4

CD OUTPUT RELAY
4FALS

2.6E-4

CE3-RYL-FF-LCD4

CE3-30-M4LMATM -

FAILURE OF LOGIC MATRIXRELAYS FOR K4 SIGNAL (CH A T&M)
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INPUT TO LOGIC
MATRIXBC FAILS
(CHA T&M)

A

CE3-3l-LIMBCATM

INPUT TO LOGIC MATRIX
BC FROM CHANNEL B
FAILS (CH A T&M)

CE3-31-ITMBC-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE3-34-CHBTATM

CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

INPUT TO LOGIC MATRIX
BC FROM CHANNEL C
FAILS (CH A T&M)

CE3-31-LIMBC-CC

CE3-35-CHBPATM

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE3-36-CHCTATM

CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

CE3-37-CHCPATM

CE3-31-LMBCATM -

INPUT SIGNAL TO LOGIC MATRIX BC FAILS (CH A T&M)

Fault Trees

141 Combustion Engineering RPS

2001/08/06 Page 136




INPUT TO LOGIC
MATRIXBD FAILS
(CHA T&M)

[

CE3-32-LIMBDATM

INPUT TO LOGIC MATRIX
BD FROM CHANNEL B
FAILS (CH A T&M)

CE3-32-ITMBD-CB

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE3-34-CHBTATM

CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

INPUT TO LOGIC MATRIX
BD FROM CHANNEL D
FAILS (CH A T&M)

CE3-32-LIMBD-CD

CE3-35-CHBPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE3-38-CHDTATM

CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

CE3-39-CHDPATM

CE3-32-LMBDATM -

INPUT SIGNAL TO LOGIC MATRIX BD FAILS (CH A T&M)
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INPUT TO LOGIC
MATRIXCD FAILS
(CHA T&M)

[

CE3-33-LIMCDATM

INPUT TO LOGIC MATRIX
CD FROM CHANNEL C
FAILS (CH A T&M)

CE3-33-LIMCD-CC

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE3-36-CHCTATM

CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

INPUT TO LOGIC MATRIX
CD FROM CHANNEL D
FAILS (CH A T&M)

CE3-33-LIMCD-CD

CE3-37-CHCPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE3-38-CHDTATM

CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

CE3-39-CHDPATM

CE3-33-LMCDATM -

INPUT SIGNAL TO LOGIC MATRIX CD FAILS (CH A T&M)
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CHANNEL B TEMPERATURE
BISTABLE FALS
(CHAT&M)

CE3—34-C}HBTATM

CE3-CPD-FF-TB

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CE3-CTP-FF-CTB

I I ] I
CHANNEL B TEMPERATURE CHANNEL B HOT CCF 2 OF 3 TEMPERATURE CCF2 OF 3HOT
BISTABLE UNIT LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE
FALS SENSOR/}':I'NRLNS\ISMTI'ER ATEM) SENSORS/TRANSMTTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5
CE3-CBI-FF-TB CE3-CTP-FF-HTB CE3-CBI-CF-T20F3TM CE3-CTP-CF-HT20F3TM

CHANNEL B DIGITAL CHANNEL B COLD CCF2 OF 3 CORE

CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS

CALCULATOR FALS SENSOR/TRANSMTTER (CHATEM)

FALS
2.7E-3 8.4E-4 1.3E-4

CE3-CPD-CF-T20F3TM

3.7E-5

CE3-CTP-CF-CT20F3TM

CE3-34-CHBTATM - CHANNEL B TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE3—35—CIIHB PATM

CHANNEL B PRESSURE
BISTABLE FAILS

5.0E-4

CE3-CBI-FF-PB

CHANNEL B PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 5.0E-6

CE3-CPR-FF-PB

CE3-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE3-CBI-CF-P20F3TM

CE3-35-CHBPATM - CHANNEL B PRESSURE BISTABLE FAILS (CH A T&M)
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CHANNEL C TEMPERATURE
BISTABLE FALLS
(CHAT&M)

CE3-36-CIHCTATM

CHANNEL C TEMPERATURE
BISTABLE UNIT
FALLS

5.0E-4

CE3-CBI-FF-TC

CHANNEL C HOT
LEG TEMPERATURE
SENSOR/TRANSMTTER
FALS

8.4E-4

CE3-CTP-FF-HTC

CHANNEL C DIGITAL
CORE PROTECTION
CALCULATOR FALS

CCF 2 OF 3 TEMPERATURE
BISTABLES (CH
ATEM)

2.6E-7

CES3-CBI-CF-T20F3TM

CCF2OF3HOT
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

3.7E-5

CE3-CTP-CF-HT20F3TM

2.7E-3

CE3-CPD-FF-TC

CE3-CTP-FF-CTC

CHANNEL C COLD CCF2 OF 3CORE
LEG TEMPERATURE PROTECTION CALCULATORS
SENSOR/TRANSMTTER (CHATEM)
FALS
8.4E-4 1.3E-4

CE3-CPD-CF-T20F3TM

3.7E-5

CE3-CTP-CF-CT20F3TM

CE3-36-CHCTATM -

CHANNEL C TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE3—37—9HCPATM

CHANNEL C PRESSURE
BISTABLE FAILS

5.0E-4

CE3-CBI-FF-PC

CHANNEL C PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 5.0E-6

CE3-CPR-FF-PC

CE3-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE3-CBI-CF-P20F3TM

CE3-37-CHCPATM - CHANNEL C PRESSURE BISTABLE FAILS (CH A T&M)
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CHANNEL D TEMPERATURE
BISTABLE FALS
(CHAT&M)

CE3-38-CIH DTATM

CHANNEL D TEMPERATURE
BISTABLE UNIT
FALLS

5.0E-4

CE3-CBI-FF-TD

CHANNEL D HOT
LEG TEMPERATURE
SENSOR/TRANSMTTER
FALS

8.4E-4

CE3-CTP-FF-HTD

CHANNEL D DIGITAL
CORE PROTECTION
CALCULATOR FALS

CCF 2 OF 3 TEMPERATURE
BISTABLES (CH
ATEM)

2.6E-7

CES3-CBI-CF-T20F3TM

CCF2OF3HOT
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

3.7E-5

CE3-CTP-CF-HT20F3TM

2.7E-3

CE3-CPD-FF-TD

CE3-CTP-FF-CTD

CHANNEL D COLD CCF2 OF 3CORE
LEG TEMPERATURE PROTECTION CALCULATORS
SENSOR/TRANSMTTER (CHATEM)
FALS
8.4E-4 1.3E-4

CE3-CPD-CF-T20F3TM

3.7E-5

CE3-CTP-CF-CT20F3TM

CE3-38-CHDTATM -

CHANNEL D TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE3—39—9HDPATM

CHANNEL D PRESSURE
BISTABLE FAILS

5.0E-4

CE3-CBI-FF-PD

CHANNEL D PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 5.0E-6

CE3-CPR-FF-PD

CE3-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE3-CBI-CF-P20F3TM

CE3-39-CHDPATM - CHANNEL D PRESSURE BISTABLE FAILS (CH A T&M)
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FAILURE OF MANUAL
SWITCH 3

A

CE3—4IO—MT3

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE3-XHE-XE-SCRAM

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE3-MSW-CF-20F4

MANUAL SWITCH
3 FAILS

1.3E-4

CE3-MSW-FF-MT3

CE3-40-MT3 - FAILURE OF MANUAL SWITCH 3
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FAILURE OF MANUAL
SWITCH4

A

CE3-4|1-MT4

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE3-XHE-XE-SCRAM

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE3-MSW-CF-20F4

MANUAL SWITCH
4 FAILS

1.3E-4

CE3-MSW-FF-MT4

CE3-41-MT4 - FAILURE OF MANUAL SWITCH 4
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB-1 AND TCB-3

CE4-01;RPSl-l

FAILURE OF TRIP
CIRCUIT BREAKER
TCB-3

CE4-04-M3

REACTOR PROTECTION
SYSTEM (RPS)
FOR CE GROUP
4 TYPE FALS
CE4-01-RPS
I
[ 1
CEDM COIL POWER CCF OF 50% OR
SUPPLY BUSES MORE CRD/RODS
FAIL TO DE-ENERGIZE FAL TO INSERT
‘ :l ) 8.4E-7
CE4-01-RPS1 CE4-ROD-CF-RODS
|
[ I I 1
COMMON CAUSE FAILURE OF TRIP COMMON CAUSE
FAILURE OF BISTABLE CIRCUIT BREAKER FALLURE OF LOGIC
TRIP UNITS TCB-2 AND TCB-4 MATRIX RELAYS
CE4-01-RPS1-BSF-1 CE4-01-RPS1-2 CE4-01-RPS1-LMF-1
I
1 [ 1
FAILURE OF TRIP FALLURE OF TRIP FALLURE OF TRIP
CIRCUIT BREAKER CIRCUIT BREAKER CIRCUIT BREAKER
TCB-1 TCB-4 TCB-2
CE4-02-M1 CE4-05-M4 CE4-03-M2

CE4-01-RPS - REACTOR PROTECTION SYSTEM (RPS) FOR CE GROUP 4 TYPE FAILS
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COMMON CAUSE

FAILURE OF BISTABLE

TRIP UNITS

CE4-01-RI;—’Sl-BSF-1

CCF OF BISTABLE
TRIP UNITS

[

CE4-01-RI;—’Sl-BSF-2

OPERATOR FAILS
TO MANUAL TRIP
RPS

CE4-01-RPS1-MT1-F

CCF OF BISTABLE
TRIP UNITS (CH
A NOT IN T&M)

CE4-01-RPS1-BIF-4
|

RPS CHANNEL
AIS NOT IN TEST
AND MAINTENANCE

CE4-08-CHA-NOTM

CCF SPECIFIC
6 OF 8 BISTABLE
TRIP UNITS

7.7E-7

CE4-CBI-CF-60F8

CCF OF BISTABLE
TRIP UNITS DURING
CHAT&M

CE4-01-RPS1-BICHATM
|

RPS CHANNEL CCF SPECIFIC
AIN TEST AND 4 OF 6 BISTABLE
MAINTENANCE TRIP UNITS (CH
A T&M)
1.6E-2 1.7E-6

CE4-RPS-TM-CHA

CE4-CBI-CF-40F6TM

CE4-01-RPS1-BSF-1 -

COMMON CAUSE FAILURE OF BISTABLE TRIP UNITS
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COMMON CAUSE
FAILURE OF LOGIC
MATRIXRELAYS

CE4-Ol-Rli’Sl—LMF-1

OPERATOR FAILS
TO MANUAL TRIP
RPS

CE4-01-RPS1-MT1-F

CCF OF LOGIC
MATRIC RELAYS

CE4-01—Rﬁ’Sl—LMF-2

[

CCF OF LOGIC
MATRIXRELAYS
(CHANOTIN
T&M)

CE4-01-RPS1-LMF-3
|

RPS CHANNEL
AIS NOT IN TEST
AND MAINTENANCE

CE4-08-CHA-NOTM

CCF SPECIFIC
12 OF 24 LOGIC
MATRIX OUTPUT

RELAYS

4.3E-8

CE4-RYL-CF-LM120F24

CCF OF LOGIC
MATRIXRELAYS
DURING CH A T&M

CE4-01-RPS1-CHATM
|

RPS CHANNEL CCF SPECIFIC
6 OF 12 LOGIC
AINTEST AND
MAINTENANCE MATRIX OUTPUT
RELAYS (CHA
T&M)
1.6E-2 1.6E-7

CE4-RPS-TM-CHA

CE4-RYL-CF-LM60OF12TM

CE4-01-RPS1-LMF-1 -

COMMON CAUSE FAILURE OF LOGIC MATRIXRELAYS
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OPERATOR FAILS
TO MANUAL TRIP
RPS

A

CE4-Ol-RI|381-MT1-F

MANUAL TRIP
PATHS 2 AND 4
FAIL

CE4-01-RPISl-MT24-F

FAILURE OF MANUAL
SWITCH 2

CE4-26-MT2

FAILURE OF MANUAL
SWITCH 4

CE4-41-MT4

MANUAL TRIP PATHS 1
AND 3 FAIL

CE4-01-RPISl-MTl3-F

FAILURE OF MANUAL
SWITCH 1

CE4-06-MT1

FAILURE OF MANUAL
SWITCH 3

CE4-40-MT3

CE4-01-RPS1-MT1-F -

OPERATOR FAILS TO MANUAL TRIP RPS
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB-1

[

CE4-02-M1
1
[ 1
TRIP CIRCUT FAILURE OF TRIP
BREAKER TCB-1 INITIATION CIRCUIT
FAILS K1
CE4-02-M1-CB CE4-02-M1-S
]
[ I 1
TRIP CIRCUT TRIP CIRCUIT CCF 2 OF 4 (1-OUT-OF-2
BREAKER TCB-1 BREAKER TCB-1 TWICE) TRIP CIRCUIT
HARDWARE FAILURES 'COMMAND FAILURES BREAKERS
1.8E-5 7.1E-7
CE4-BME-FO-TB1 CE4-02-M1-4 CE4-BME-CF-TB20OF4
1
[ 1
TRIP CIRCUIT TRIP CIRCUT
BREAKER TCB-1 BREAKER TCB-1
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE4-02-M1-5 CE4-O|2-M1-6
[ 1
CCF 2 OF 4 (1-OF2 TRIP CIRCUIT
TWICE) TRIP CIRCUIT BREAKER TCB-1
BRKR UNDERVOLTAGE UNDERVOLTAGE
DEV DEVICE FAILS
3.7E-5 1.1E-3
CE4-BUV-CF-TB20OF4 CE4-BUV-FO-TB1
[ I 1
CCF 2 OF 4 (1-OF-2 CCF2 OF 4 (1-OF-2 TRIP CIRCUT TRIP CIRCUIT
TWICE) TRIP CIRCUIT TWCE) TRIP CIRCUIT BREAKER TCB-1 BREAKER TCB-1
BRKR SHUNT TRIP BRKR SHUNT TRIP SHUNT TRIP DEVICE SHUNT TRIP DEVICE
DEVIC POWER DC POWERFAILS FAILS
8.7E-6 25E-6 6.0E-5 15E-4
CE4-BSN-CF-TB20OF4 CE4-PWR-CF-TB20OF4 CE4-PWR-FF-TB1 CE4-BSN-FO-TB1
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]
FAILURE OF TRIP
INITIATION CIRCUIT
K1
CE4-02-M1-S
]
[ |
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 1 CONTACT INITIATOR
K1
CE4-06-MT1 CE4-0|2-M1-F
[ | |
REACTOR TRIP CCF20F 4
TRIP CONTACTOR
LOGIC MATRIX (1-OUT-OF-2 TWICE)
KLRELAY FALS RELAYS FOR K1 TRIP CONTACTORS
SIGNAL FAIL
12E-4 @ 4.8E-6
CE4-RYT-FF-ICK1 CE4—0|2-M1-1 CE4-RYT-CF-20F4
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FORK1 RELAYS FOR K1
FAIL (NO RPS FAIL (CH A T&M)
T&M)
CE4-O|2-M1-2 CE4-O|2-M1-3
[ | [ |
FAILURE OF LOGIC FAILURE OF LOGIC
RPS CHANNEL MATRIX RELAY MATRIX RELAY RPS CHANNEL
AIS NOT IN TEST FOR K1 SIGNAL FOR K1 SIGNAL AINTEST AND
AND MAINTENANCE (CH A NOT INT&M) (CHA IN T&M) MAINTENANCE
1662
CE4-08-CHA-NOTM CE4-07-M1LM CE4-09-M1LMATM CE4-RPS-TM-CHA
CE4-02-M1-S - FAILURE OF TRIP INITIATION CIRCUIT K1 2001/06/07 Page 152
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB-2

A

CE4-03-M2
1
[ 1
TRIP CIRCUT FAILURE OF TRIP
BREAKER TCB-2 INITIATION CIRCUIT
FAILS K2
CE4-03-M2-CB CE4-03-M2-S
]
[ I 1
TRIP CIRCUIT TRIP CIRCUIT CCF 2 OF 4 (1-OUT-OF-2
BREAKER TCB-2 BREAKER TCB-2 TWICE) TRIP CIRCUIT
HARDWARE FAILURES CCOMMAND FAILURES BREAKERS
1.8E-5 7.1E-7
CE4-BME-FO-TB2 CE4-03-M2-4 CE4-BME-CF-TB20OF4
1
[ 1
TRIP CIRCUIT TRIP GIRCUT
BREAKER TCB-2 BREAKER TCB-2
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE4-03-M2-5 CE4-OI3-M2-6
[ 1
CCF 2 OF 4 (1-OF2 TRIP CIRCUIT
TWICE) TRIP CIRCUIT BREAKER TCB-2
BRKR UNDERVOLTAGE UNDERVOLTAGE
DEV DEVICE FAILS
3.7E-5 1.1E-3
CE4-BUV-CF-TB20OF4 CE4-BUV-FO-TB2
[ I 1
CCF 2 OF 4 (1-OF-2 CCF 2 OF 4 (1-OF-2 TRIP CIRCUIT TRIP CIRCUIT
TWCE) TRIP CIRCUIT TWCE) TRIP CIRCUIT BREAKER TCB-2 BREAKER TCB-2
BRKR SHUNT TRIP BRKR SHUNT TRIP SHUNT TRIP DEVICE SHUNT TRIP DEVICE
DEVIC POWER DC POWERFAILS FAILS
8.7E-6 25E-6 6.0E-5 15E-4
CE4-BSN-CF-TB20OF4 CE4-PWR-CF-TB20OF4 CE4-PWR-FF-TB2 CE4-BSN-FO-TB2
FAILURE OF TRIP CIRCUIT BREAKER TCB-2 2001/06/07 Page 153

CE4-03-M2 -

Fault Trees

159 Combustion Engineering RPS



|
FAILURE OF TRIP
INITIATION CIRCUIT
K2
CE4-03-M2-S
I
[ 1
FAILURE OF MANUAL FAILURE OF TRIP
SWITCH 2 CONTACT INITIATOR
K2
CE4-26-MT2 CE4-0'T’:—M2-F
[ I 1
REACTOR TRIP CCF20F 4
TRIP CONTACTOR
LOGIC MATRIX 1-OUT-OF-2 TWICE;
K2 RELAY FALLS RELAYS FOR K2 (P CONTACTORS
SIGNAL FAIL
12E-4 @ 4.8E-6
CE4-RYT-FF-ICK2 CE4—0?-M2-1 CE4-RYT-CF-20F4
[ 1
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR K2 RELAYS FOR K2
FAIL (NO RPS FAIL (CHA T&M)
TaM)
CE4-Oi?>-M2-2 CE4-Oi?>-M2-3
[ 1 [ 1
i RPS CHANNEL FARE P Losie RPS CHANNEL
FOR K2 SIGNAL A IS NOT INTEST sl AINTEST AND
(CH A NOT IN T&M) AND MAINTENANCE PAYNNEAW MAINTENANCE
A LoE2
CE4-24-M2LM CE4-08-CHA-NOTM CE4-25-M2LMATM CE4-RPS-TM-CHA
CE4-03-M2-S - FAILURE OF TRIP INITIATION CIRCUIT K2 2001/06/07 Page 154
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FAILURE OF TRIP
CIRCUIT BREAKER
TCB3
CE4-04-M3
1
[ 1
FAILURE OF TRIP TRIP GIRCUIT
INITIATION CIRCUIT BREAKER TCB-3
K3 FAILS
CE4-04-M3-S CE4-04-M3-CB
I
[ I 1
TRIP CIRCUT TRIP CIRCUT CCF 2 OF 4 (1-OUT-OF-2
BREAKERTCB-3 BREAKER TCB-3 TWICE) TRIP CIRCUIT
HARDWARE FAILURES COMMAND FAILURES BREAKERS
1.8E-5 7.1E-7
CE4-BME-FO-TB3 CE4-04-M3-4 CE4-BME-CF-TB20OF4
1
[ 1
TRIP CIRCUT TRIP CIRCUT
BREAKER TCB-3 BREAKER TCB-3
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE4-04-M3-5 CE4-O|4-M3—6
[ 1
CCF 2 OF 4 (1-OF2
TWCE) TRIP CIRCUT BE&:@% 3
BRKR UNDERVOLTAGE UNDERVOLTAGE
DEVICE FAILS
3.7E-5 1.1E-3
CE4-BUV-CF-TB20OF4 CE4-BUV-FO-TB3
[ I 1
CCF 2 OF 4 (1-OF2 CCF 2 OF 4 (1-OF-2 TRIP CIRCUIT TRIP CIRCUIT
TWCE) TRIP CIRCUIT TWCE) TRIP CIRCUIT BREAKER TCB-3 BREAKER TCB-3
BRKR SHUNT TRIP BRKR SHUNT TRIP SHUNT TRIP DEVICE SHUNT TRIP DEVICE
DEVICE POWER DC POWER FAILS FAILS
8.7E-6 2.5E-6 6.0E-5 1.5E-4
CE4-BSN-CF-TB20OF4 CE4-PWR-CF-TB20OF4 CE4-PWR-FF-TB3 CE4-BSN-FO-TB3
FAILURE OF TRIP CIRCUIT BREAKER TCB-3 2001/06/07 Page 155

CE4-04-M3 -

Fault Trees

161 Combustion Engineering RPS



FAILURE OF TRIP

INIMATION CIRCUIT
K3
CE4-04-M3-S
]
[ |
FAILURE OF TRIP FAILURE OF MANUAL
CONTACT INITIATOR SWITCH 3
K3
CE4-04-M3-F CE4-40-MT3
l
[ | |
REACTOR TRIP CCF20F 4
TS')PREEANJ’?%&R LOGIC MATRIX (L-OUT-OF-2 TWICE)
RELAYS FOR K3 TRIP CONTACTORS
SIGNAL FAIL
12E-4 @ 4.8E-6
CE4-RYT-FF-ICK3 CE4-04-M3-1 CE4-RYT-CF-20F4
]
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR K3 RELAYS FOR K3
FA"-T(E’%RPS FAIL (CH A T&M)
CE4-04-M3-2 CE4-04-M3-3
] ]
[ | [ |
FAILURE OF LOGIC
MATRIX RELAY RPS CHANNEL FAILURE OF LOGIC RPS CHANNEL
FOR K3 SIGNAL AIS NOT IN TEST éﬂé\;ﬁ;(g%’\/x_ AINTEST AND
(CH A NOT IN T&M) AND MAINTENANCE (CHAINTEM) MAINTENANCE

CE4-27-M3LM

CE4-08-CHA-NOTM

CE4-28-M3LMATM

1.6E-2

CE4-RPS-TM-CHA

CE4-04-M3-S - FAILURE OF TRIP INITIATION CIRCUIT K3 2001/06/07 Page 156
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1
FAILURE OF TRIP
CIRCUIT BREAKER
TCB4
CE4-05-M4
1
[ 1
TRIP GIRCUIT FAILURE OF TRIP
BREAKER TCP-4 INITIATION CIRCUIT
FAILS K4
CE4-05-M4-CB CE4-05-M4-S
1
[ I 1
TRIP CIRCUT TRIP CIRCUT CCF 2 OF 4 (1-OUT-OF-2
BREAKER TCB4 BREAKER TCB4 TWICE) TRIP CIRCUIT
HARDWARE FAILURES CCOMMAND FAILURES BREAKERS
1.8E-5 7.1E-7
CE4-BME-FO-TB4 CE4-05-M4-4 CE4-BME-CF-TB20OF4
1
[ 1
TRIP CIRCUIT TRIP GIRCUT
BREAKER TCB4 BREAKER TCB4
SHUNT TRIP FAILURES UNDERVOLTAGE
DEVICE FAILURES
CE4-05-M4-5 CE4-O:5—M4—6
[ 1
CCF 2 OF 4 (1-OF2
TWCE) TRIP CIRCUIT BE&:@% 4
BRKR UNDERVOLTAGE UNDERVOLTAGE
ICE DEVICE FAILS
3.7E-5 1.1E-3
CE4-BUV-CF-TB20OF4 CE4-BUV-FO-TB4
[ I 1
CCF 2 OF 4 (1-OF2 CCF 2 OF 4 (1-OF-2 TRIP CIRCUIT TRIP CIRCUIT
TWCE) TRIP CIRCUIT TWCE) TRIP CIRCUIT BREAKER TCB-4 BREAKER TCB-4
BRKR SHUNT TRIP BRKR SHUNT TRIP SHUNT TRIP DEVICE SHUNT TRIP DEVICE
DEVICE POWER DC POWER FAILS FAILS
8.7E-6 2.5E-6 6.0E-5 1.5E-4
CE4-BSN-CF-TB20OF4 CE4-PWR-CF-TB20OF4 CE4-PWR-FF-TB4 CE4-BSN-FO-TB4
2001/06/07 Page 157
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FAILURE OF TRIP

INITIATION CIRCUIT
Ka
CE4-05-M4-S
]
[ |
FAILURE OF TRIP FAILURE OF MANUAL
CONTACT INITIATOR SWITCH 4
Ka
CE4-05-M4-F CE4-41-MT4
l
[ | |
REACTOR TRIP CCF20OF 4
TAPREEANJ’?%&R LOGIC MATRIX (L-OUT-OF-2 TWICE)
RELAYS FOR K4 TRIP CONTACTORS
SIGNAL FAIL
1.2E-4 @ 4.8E-6
CE4-RYT-FF-ICK4 CE4-05-M4-1 CE4-RYT-CF-20F4
]
[ |
LOGIC MATRIX LOGIC MATRIX
RELAYS FOR K4 RELAYS FOR K4
FA"-T(E’%RPS FAIL (CHA A T&M)
CE4-05-M4-2 CE4-05-M4-3
I 1
[ | [ |
FAILURE OF LOGIC
MATRIX RELAY RPS CHANNEL FAILURE OF LOGIC RPS CHANNEL
FOR K4 SIGNAL AIS NOT IN TEST l’;ﬂéﬁgﬁfg%\/‘«gl_ ANTEST AND
(CH A NOT IN T&M) AND MAINTENANCE (CHA INTEM) MAINTENANCE

CE4-29-M4LM

CE4-08-CHA-NOTM

CE4-30-M4LMATM

1.6E-2

CE4-RPS-TM-CHA

CE4-05-M4-S - FAILURE OF TRIP INITIATION CIRCUIT K4 2001/06/07 Page 158
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FAILURE OF MANUAL
SWITCH 1

A

CE4—O|6—MT1

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE4-XHE-XE-SCRAM

MANUAL SWITCH
1 FAILS

1.3E4

CE4-MSW-FF-MT1

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE4-MSW-CF-20F4

CE4-06-MT1 - FAILURE OF MANUAL SWITCH 1
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—
e
SR
s
:
CEA'O7‘-M1LM
[ 1
- o
o e
FORKL SIGNAL RELAY QUTPUTS
:
2.0E-7
CE4-07-1M1LM-1 CE4-RYL-CF1LM60OF6
I T T T T 1
- - - - - -
ey gy gy ey gy ey
50 50 50 50 5 o
CE4<O7-VY\1LM-AB CE4-07-M1LM-BC CE4«07-VY\1LM-BD CE4-07-M1LMAC CE4—07-I\{I1LM—CD CE4-07-M1LM-AD
I 1 I 1 I 1
- f— — f— — f—
p— - — - — -
AN > N e AN e
CE4-10-LMAB CE4-RYL-F-LAB1 CE4-12-L.MBD CE4-RYL-F-LBD1 CE4-14-LMCD CE4-RYL-F-LCD1
I 1 I 1 1
— — — — — p—
— - — - — -
AN e AN - AN »
CE4-11-LMBC CE4-RYL-FFLBC1 CE4-13-LMAC CEA-RYL-F-LAC1 CE4-15-LMAD CE4-RYL-F-LAD1

2001/06/07 Page 160
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RPS CHANNEL
AISNOT IN TEST
AND MAINTENANCE

CE4-08-CHA-NOTM

RPS CHANNEL
AIN TEST AND
MAINTENANCE

1.6E-2

CE4-RPS-TM-CHA

[CE4-08-CHA-NOTM -

RPS CHANNEL A IS NOT IN TEST AND MAINTENANCE

2001/03/02 Page 161
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FAILURE OF LOGIC
MATRIXRELAY FOR K1
SIGNAL (CH AIN T&M)

A

CE4-09- I\I/IlLMATM

LOGIC MATRIXOUTPUT
RELAYS FOR K1 SIGNAL
FAL (CHATEM

CE4—09—|M1LM-1

CCF3OF3K1LOGIC
MATRIC RELAY
OUTPUTS (CHATEM)

4.7E-7

CE4-RYL-CF-1LM30OF3TM

LOGIC MATRIX
BC OUTPUT RELAYS
TOK1 FAL

[

CE4-09- I}/IlLM—BC

INPUT TOLOGIC
MATRIXBC FALS
(CHAT&M)

CE4-31-LMBCATM

BC OUTPUT RELAY
1FALS

2.6E-4

CE4-RYL-FF-LBC1

LOGIC MATRIX
BD OUTPUT RELAYS
TOK1 FAL

A

CE4-09-M1LM-BD

LOGIC MATRIX
CD OUTPUT RELAYS
TOK1 FAL

[

CE4-09- I\I/IlLM—CD

INPUT TOLOGIC
MATRIXCD FALS
(CHAT&M)

CEA4-33-LMCDATM

INPUT TOLOGIC

(CHAT&M)

MATRIXBD FALS

CE4-32-LMBDATM

BD OUTPUT RELAY

1FALS

2.6E-4

CE4-RYL-FF-LBD1

CD OUTPUT RELAY
1FALS

2.6E-4

CE4-RYL-FF-LCD1

CE4-09-M1LMATM -

FAILURE OF LOGIC MATRIXRELAY FOR K1 SIGNAL (CH A IN T&M)
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INPUT TO LOGIC
MATRIXAB FAILS

A

CE4-1(I)-LMAB

INPUT SIGNAL
TO LOGIC MATRIX
AB FROM CHANNEL
AFAILS

CE4-1O-ITMAB-CA

CHANNEL A PRESSURE
BISTABLE FAILS

CE4-17-CHAP

CHANNEL A TEMPERATURE
BISTABLE FAILS

CE4-16-CHAT

INPUT SIGNAL
TO LOGIC MATRIX
AB FROM CHANNEL
B FAILS

CE4-lO-II_MAB-CB

CHANNEL B PRESSURE
BISTABLE FAILS

AN

CE4-19-CHBP

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CE4-18-CHBT

CE4-10-LMAB - INPUT TO LOGIC MATRIX AB FAILS
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INPUT TO LOGIC
MATRIXBC FAILS

[

CE4-11I-LMBC

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
B FAILS

CE4-11-ITMBC-CB

CHANNEL B PRESSURE
BISTABLE FAILS

[\

CE4-19-CHBP

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CE4-18-CHBT

INPUT SIGNAL
TO LOGIC MATRIX
BC FROM CHANNEL
CFAILS

CE4-11-LIMBC-CC

CHANNEL C PRESSURE
BISTABLE FAILS

CE4-21-CHCP

CHANNEL C TEMPERATURE
BISTABLE FAILS

[\

CE4-20-CHCT

INPUT TO LOGIC MATRIX BC FAILS

Fault Trees
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INPUT TO LOGIC
MATRIXBD FAILS

[

CE4-12|-LMBD

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
B FAILS

CE4-12-ITMBD-CB

CHANNEL B PRESSURE
BISTABLE FAILS

[\

CE4-19-CHBP

CHANNEL B TEMPERATURE
BISTABLE FAILS

AN

CE4-18-CHBT

INPUT SIGNAL
TO LOGIC MATRIX
BD FROM CHANNEL
D FAILS

CE4-12-LIMBD-CD

CHANNEL D PRESSURE
BISTABLE FAILS

CE4-23-CHDP

CHANNEL D TEMPERATURE
BISTABLE FAILS

ZEN

CE4-22-CHDT

INPUT TO LOGIC MATRIX BD FAILS

Fault Trees
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INPUT TO LOGIC
MATRIXAC FAILS

[

CE4-13|’-LMAC

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
AFAILS

CE4-13-ITMAC-CA

CHANNEL A PRESSURE
BISTABLE FAILS

CE4-17-CHAP

CHANNEL A TEMPERATURE
BISTABLE FAILS

CE4-16-CHAT

INPUT SIGNAL
TO LOGIC MATRIX
AC FROM CHANNEL
CFAILS

CE4-13-LIMAC-CC

CHANNEL C PRESSURE
BISTABLE FAILS

CE4-21-CHCP

CHANNEL C TEMPERATURE
BISTABLE FAILS

[\

CE4-20-CHCT

CE4-13-LMAC - INPUT TO LOGIC MATRIXAC FAILS
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INPUT TO LOGIC
MATRIXCD FAILS

[

CE4-1£}-LMCD

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
CFAILS

CE4-14-LIMCD-CC

CHANNEL C PRESSURE
BISTABLE FAILS

CE4-21-CHCP

CHANNEL C TEMPERATURE
BISTABLE FAILS

/N

CE4-20-CHCT

INPUT SIGNAL
TO LOGIC MATRIX
CD FROM CHANNEL
D FAILS

CE4-14-LIMCD-CD

CHANNEL D PRESSURE
BISTABLE FAILS

CE4-23-CHDP

CHANNEL D TEMPERATURE
BISTABLE FAILS

ZEN

CE4-22-CHDT

CE4-14-LMCD - INPUT TO LOGIC MATRIX CD FAILS
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INPUT TO LOGIC
MATRIXAD FAILS

[

CE4-15|-LMAD

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
AFAILS

CE4-15-ITMAD-CA

CHANNEL A PRESSURE
BISTABLE FAILS

CE4-17-CHAP

CHANNEL A TEMPERATURE
BISTABLE FAILS

CE4-16-CHAT

INPUT SIGNAL
TO LOGIC MATRIX
AD FROM CHANNEL
D FAILS

CE4-15-LIMAD-CD

CHANNEL D PRESSURE
BISTABLE FAILS

CE4-23-CHDP

CHANNEL D TEMPERATURE
BISTABLE FAILS

ZEN

CE4-22-CHDT

CE4-15-LMAD - INPUT TO LOGIC MATRIXAD FAILS
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CHANNEL A

CE4-CBI-CF-T30F4

CE4-CPD-CF-T30F4

CE4-CTP-CF-HT30F4

TEMPERATURE
BISTABLE FALS
CE4-16-CHAT
1
[ I | I |
CHANNEL A CHANNEL AHOT CHANNEL ACOLD
TENPERATURE gg’;’é’\é%of;gg& LEG TEMPERATURE LEG TEMPERATURE ngﬁ'ér\?;éRi%gE

BISTABLE UNIT FALS CORE PROTECTION SENSOR/":I'AI?fIS\ISMﬂ'ER SENSORmSMTI‘ER SENSORSITRANSMIIERS

5.0E-4 2.7E-3 8.4E-4 8.4E-4 1.0E-5
CE4-CBI-FF-TA CE4-CPD-FF-TA CEA4-CTP-FF-HTA CE4-CTP-FF-CTA CE4-CTP-CF-CT30F4

CCF3 OF 4 TEMPERATURE COF 3 oF e oORE L O e
BISTABLES CALCULATORS SENSORS/TRANSMTTERS
7.2E-6 5.7E-5 1.0E-5

CE4-16-CHAT - CHANNEL A TEMPERATURE BISTABLE FAILS

2001/06/07 Page 169
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CHANNEL A PRESSURE

BISTABLE FAILS

[

CE4—17I—CHAP
[ I I ]
CHANNEL A PRESSURE CHANNEL A PRESSURE CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE
BISTABLE FAILS SENSOR/EECQSMITTER SENSORS/TRANSMITTERS BISTABLES
5.0E-4 1.1E-4 1.5E-6 7.2E-6
CE4-CBI-FF-PA CE4-CPR-FF-PA CE4-CPR-CF-P30F4 CE4-CBI-CF-P30F4

CE4-17-CHAP - CHANNEL A PRESSURE BISTABLE FAILS

2001/03/02 Page 170
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CHANNEL B TEMPERATURE
BISTABLE FAILS

[

CE4-18-CHBT
1
I I L L '
CHANNEL B HOT
CCF30F4 CCF 3 OF 4 HOT CHANNEL B LEG TEMPERATURE LEgATr\llz’\n‘AEFI;EBR/S%SE
TEMPERATURE LEG TEMPERATURE TEMPERATURE SENSOR/TRANSMITTER SENSOR/TRANSMITTER
BISTABLES SENSORS/TRANSMITTERS BISTABLE UNIT FAILS FAILS FAILS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4
CE4-CBI-CF-T30F4 CE4-CTP-CF-HT30F4 CE4-CBI-FF-TB CE4-CTP-FF-HTB CE4-CTP-FF-CTB
CCF 3 OF 4 CORE CCF 3 OF 4 COLD CHANNEL B DIGITAL
PROTECTION LEG TEMPERATURE CORE PROTECTION
CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS
5.7E-5 1.0E-5 2.7E-3

CE4-CPD-CF-T30F4 CE4-CTP-CF-CT30F4 CE4-CPD-FF-TB

CE4-18-CHBT - CHANNEL B TEMPERATURE BISTABLE FAILS 2001/06/07 Page 171
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CHANNEL B PRESSURE
BISTABLE FAILS

A

CE4—1£?—CHBP
[ I I ]
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL B PRESSURE CHANNEL B PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FAILS SENSOR/FTEfgSMITTER
1.5E-6 7.2E-6 5.0E-4 1.1E-4
CE4-CPR-CF-P30F4 CE4-CBI-CF-P30F4 CE4-CBI-FF-PB CE4-CPR-FF-PB
CE4-19-CHBP - CHANNEL B PRESSURE BISTABLE FAILS 2001/03/02 Page 172
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CHANNEL C

TEMPERATURE
BISTABLE FAILS
CE4-20-CHCT
1
I I I I ]
CHANNEL C HOT
CCF30F4 CCF 3 OF 4 HOT CHANNEL C LEG TEMPERATURE LEEMT’\I‘E’\I:/IIE;_E%E%IEE
TEMPERATURE LEG TEMPERATURE TEMPERATURE SENSOR/TRANSMITTER SENSOR/TRANSMITTER
BISTABLES SENSORS/TRANSMITTERS BISTABLE UNIT FAILS FAILS FAILS
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4
CE4-CBI-CF-T30F4 CE4-CTP-CF-HT30F4 CE4-CBI-FF-TC CE4-CTP-FF-HTC CE4-CTP-FF-CTC
CCF 3 OF 4 CORE CCF 3 OF 4 COLD CHANNEL C DIGITAL
PROTECTION LEG TEMPERATURE CORE PROTECTION
CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS
5.7E-5 1.0E-5 2.7E-3

CE4-CPD-CF-T30F4 CE4-CTP-CF-CT30F4 CE4-CPD-FF-TC

CE4-20-CHCT - CHANNEL C TEMPERATURE BISTABLE FAILS 2001/06/07 Page 173
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CHANNEL C PRESSURE

BISTABLE FAILS

[

CE4—2:%—CHCP
[ I I ]
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL C PRESSURE CHANNEL C PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FALS SENSOR/FTEfgSMITTER
1.5E-6 7.2E-6 5.0E-4 1.1E-4
CE4-CPR-CF-P30F4 CE4-CBI-CF-P30F4 CE4-CBI-FF-PC CE4-CPR-FF-PC

CE4-21-CHCP - CHANNEL C PRESSURE BISTABLE FAILS
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CHANNEL D

TEMPERATURE
BISTABLE FAILS
CE4-22-CHDT
1
I I L L '
CHANNEL D HOT
TECM(’?DFE%ETFU‘; c CCF 3 OF 4 HOT CHANNEL D TEMPERATURE LEG TEMPERATURE LEEMT’\I‘E’:/II%E%E%&E
LEG TEMPERATURE BISTABLE UNIT SENSOR/TRANSMITTER
BISTABLES SENSORS/TRANSMITTERS FALS FALS SENSORTTRANSMITTER
7.2E-6 1.0E-5 5.0E-4 8.4E-4 8.4E-4
CE4-CBI-CF-T30F4 CE4-CTP-CF-HT30F4 CE4-CBI-FF-TD CE4-CTP-FF-HTD CE4-CTP-FF-CTD
CCF 3 OF 4 CORE CCF 3 OF 4 COLD CHANNEL D DIGITAL
PROTECTION LEG TEMPERATURE CORE PROTECTION
CALCULATORS SENSORS/TRANSMITTERS CALCULATOR FAILS
5.7E-5 1.0E-5 2.7E-3

CE4-CPD-CF-T30F4 CE4-CTP-CF-CT30F4 CE4-CPD-FF-TD

CE4-22-CHDT - CHANNEL D TEMPERATURE BISTABLE FAILS 2001/06/07 Page 175
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CHANNEL D PRESSURE

BISTABLE FAILS

[

CE4—23|>—CHDP
[ I I |
CCF 3 OF 4 PRESSURE CCF 3 OF 4 PRESSURE CHANNEL D PRESSURE CHANNEL D PRESSURE
SENSORS/TRANSMITTERS BISTABLES BISTABLE FAILS SENSORIFTE@ISMITTER
1.5E-6 7.2E-6 5.0E-4 1.1E-4
CE4-CPR-CF-P30F4 CE4-CBI-CF-P30F4 CE4-CBI-FF-PD CE4-CPR-FF-PD

CE4-23-CHDP - CHANNEL D PRESSURE BISTABLE FAILS
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BT
e
CEA-ZA}-MZLM
I 1
FORK2 SIGNAL RELAY QUTPUTS
2.0E7
CE4-24—1M2LM-1 CE4-RYL-CF-2LM60F6
I T T T T 1
CE4-24-VY\2LM-AB CE4-24-M2LM-BC CE4-24-VY12LM-BD CE4-24-M2LMAC CE4—24-I\1A2LM—CD CE4-24-M2LM-AD
I 1 I 1 I 1
MATRIX AB FAILS 2FAILS MATRIX BD FAILS 2FAILS MATRIX CDFAILS 2FAILS
CE4-10-LMAB CE4-RYL-F-LAB2 CE4-12-LMBD CE4-RYL-F-LBD2 CE4-14-LMCD CE4-RYL-F~LCD2
I 1 I 1 1
CE4-11-LMBC CE4-RYL-FFLBC2 CE4-13-LMAC CE4-RYL-FFLAC2 CE4-15-LMAD CE4-RYL-F~LAD2

2001/06/07 Page 177
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FAILURE OF LOGIC
MATRIX RELAY
FOR K2 SIGNAL
(CHAINT&M)

A

CE4-25-I\I/I2LMATM

LOGIC MATRIX CCF30F3K2
OUTPUT RELAYS LOGIC MATRIC
FOR K2 SIGNAL RELAY QUTPUTS
FAIL (CHAT&M) (CHATEM)

4.7E-7
CE4—25—IM2LM-1 CE4-RYL-CF-2LM30OF3TM
[ 1 1
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOK2 FAL TOK2 FAL TOK2 FAL
CE4-25- I}/IZLM—BC CE4-25-M2LM-BD CE4—25—I\I/I2LM—CD
[ 1 [ 1
INPUT TO LOGIC BC OUTPUT RELAY INPUT TOLOGIC CD OUTPUT RELAY
MATRIXBC FALS 2 FALS MATRIXCD FALS 2FALS
(CHATEM) (CHAT&M)

CE4-31-LMBCATM

CE4-RYL-FF-LBC2

CEA4-33-LMCDATM

INPUT TOLOGIC

(CHAT&M)

MATRIXBD FALS

CE4-32-LMBDATM

BD OUTPUT RELAY
2FALS

2.6E-4

CE4-RYL-FF-LBD2

CEA4-RYL-FF-LCD2

CE4-25-M2LMATM -

FAILURE OF LOGIC MATRIXRELAY FOR K2 SIGNAL (CH A IN T&M)
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FAILURE OF MANUAL
SWITCH 2

A

CE4—2|6—MT2

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE4-XHE-XE-SCRAM

MANUAL SWITCH
2 FAILS

1.3E4

CE4-MSW-FF-MT2

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE4-MSW-CF-20F4

CE4-26-MT2 - FAILURE OF MANUAL SWITCH 2
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—
e
R
e
:
CE4-27‘-M3LM
[ 1
- —
e o
FORK3 SIGNAL RELAY QUTPUTS
2
2.0E-7
CE4-27-1M3LM-1 CE4-RYL-CF-3LM60F6
I T T T T 1
- - - - - -
ey gy gy ey gy ey
50 50 50 50 5 o
CE4-27-VY\3LM-AB CE4-27-M3LM-BC CE4-Z7-VY\3LM-BD CE4-27-M3LMAC CE4—Z7-I\{I3LM—CD CE4-27-M3LM-AD
I 1 I 1 I 1
- f— — f— — f—
MATRIX AB FAILS 3FAILS MATRIX BD FAILS 3FAILS MATRIX CD FAILS 3FALS
AN > N e AN e
CE4-10-LMAB CE4-RYL-F-LAB3 CE4-12-L.MBD CE4-RYL-F-LBD3 CE4-14-LMCD CE4-RYL-F-LCD3
I 1 I 1 1
— — — — — p—
— i — o — i
AN e AN - AN >
CE4-11-LMBC CE4-RYL-FFLBC3 CE4-13-LMAC CEA-RYL-FFLAC3 CE4-15-LMAD CE4-RYL-F-LAD3
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FAILURE OF LOGIC
MATRIXRELAY FOR K3
SIGNAL (CH AIN T&M)

CE4—28—I\I/BLMATM

LOGIC MATRIXOUTPUT CCF30F3K3LOGIC
RELAYS FOR K3 SIGNAL MATRIC RELAY
FAL (CHAT&M) OUTPUTS (CHAT&M)
4.7E-7
CE4-28-M3LM-1 CE4-RYL-CF-3LM30OF3TM
]
[ | |
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOK3 FAL TOK3 FAL TOK3 FAL

A

CE4~28—I}/I3LM—BC

INPUT TOLOGIC
MATRIX BC FAILS
(CHAT&M

CE4-31-LMBCATM

BC OUTPUT RELAY
3FALS

2.6E-4

CE4-RYL-FF-LBC3

A

CE4-28-M3LM-BD

[

CE4-28- IYISLM-CD

INPUT TOLOGIC
MATRIX CD FAILS
(CHAT&M)

CE4-33-LMCDATM

INPUT TOLOGIC
MATRIXBD FALS
(CHATEM)

CE4-32-LMBDATM

BD OUTPUT RELAY
3FALS

2.6E-4

CE4-RYL-FF-LBD3

CD OUTPUT RELAY
3FALS

2.6E-4

CE4-RYL-FF-LCD3

CE4-28-M3LMATM -

FAILURE OF LOGIC MATRIXRELAY FOR K3 SIGNAL (CH A IN T&M)
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1

FAILURE OF LOGC
MATRIX RELAY FOR

K4 SIGNAL (CHA
Bk
CE4-29‘-M4LM
I 1
- "
e, S5,
2.0E-7
CE4-29-1M4LM-1 CE4-RYL-CF4LM60F6
I T T T T 1
CE4-29-VY\4LM-AB CE4-29-MALM-BC CE4-29-VY14LM-BD CE4-29-MALMAC CE4—ZQ-I\{I4LM—CD CE4-29-M4LM-AD
I 1 I 1 I 1
MATRIX AB FAILS 4FAILS MATRIX BD FAILS 4FALS MATRIX CDFAILS 4FALS
CE4-10-LMAB CE4-RYL-F-LAB4 CE4-12-LMBD CE4-RYL-F-LBD4 CE4-14-LMCD CE4-RYL-FFLCD4
I 1 I 1 1
CE4-11-LMBC CE4-RYL-FFLBCA CE4-13-LMAC CE4-RYL-FFLACA CE4-15-LMAD CE4-RYL-FFLAD4
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FAILURE OF LOGIC
MATRIXRELAY FOR K4
SIGNAL (CH AIN T&M)

CE4—3O—I\I/I4LMATM

LOGIC MATRIXOUTPUT CCF30F3K4LOGIC
RELAYS FOR K4 SIGNAL MATRIC RELAY
FAL (CHAT&M) OUTPUTS (CHAT&M)
4.7E-7
CE4-30-MALM-1 CE4-RYL-CF-4LM30OF3TM
]
[ | |
LOGIC MATRIX LOGIC MATRIX LOGIC MATRIX
BC OUTPUT RELAYS BD OUTPUT RELAYS CD OUTPUT RELAYS
TOK4 FAL TOK4 FAL TOK4 FALL

A

CE4~30—I}/I4LM—BC

INPUT TOLOGIC
MATRIX BC FAILS
(CHAT&M

CE4-31-LMBCATM

BC OUTPUT RELAY
4FALS

2.6E-4

CE4-RYL-FF-LBC4

A

CE4-30-M4LM-BD

A

CE4~30—IYI4LM—CD

INPUT TOLOGIC
MATRIX CD FAILS
(CHAT&M)

CE4-33-LMCDATM

INPUT TOLOGIC
MATRIXBD FALS
(CHATEM)

CE4-32-LMBDATM

BD OUTPUT RELAY
4FALS

2.6E-4

CE4-RYL-FF-LBD4

CD OUTPUT RELAY
4FALS

2.6E-4

CE4-RYL-FF-LCD4

CE4-30-M4LMATM -

FAILURE OF LOGIC MATRIXRELAY FOR K4 SIGNAL (CH A IN T&M)
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INPUT TO LOGIC
MATRIXBC FAILS
(CHA T&M)

A

CE4-3l-LIMBCATM

INPUT TO LOGIC MATRIX
BC FROM CHANNEL B
FAILS (CH A T&M)

CE4-31-ITMBC-CB

CHANNEL B PRESSURE
BISTABLE FAILS
(CHATEM)

188

CE4-35-CHBPATM

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE4-34-CHBTATM

INPUT TO LOGIC MATRIX
BC FROM CHANNEL C
FAILS (CH A T&M)

CE4-31-LIMBC-CC

CHANNEL C PRESSURE
BISTABLE FAILS
(CHATEM)

CE4-37-CHCPATM

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE4-36-CHCTATM

CE4-31-LMBCATM -

INPUT TO LOGIC MATRIXBC FAILS (CH A T&M)
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INPUT TO LOGIC
MATRIXBD FAILS
(CHA T&M)

[

CE4-32-LIMBDATM

INPUT TO LOGIC MATRIX
BD FROM CHANNEL B
FAILS (CH A T&M)

CE4-32-ITMBD-CB

CHANNEL B PRESSURE
BISTABLE FAILS
(CHATEM)

188

CE4-35-CHBPATM

CHANNEL B TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE4-34-CHBTATM

INPUT TO LOGIC MATRIX
BD FROM CHANNEL D
FAILS (CH A T&M)

CE4-32-LIMBD-CD

CHANNEL D PRESSURE
BISTABLE FAILS
(CHATEM)

CE4-39-CHDPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE4-38-CHDTATM

CE4-32-LMBDATM -

INPUT TO LOGIC MATRIX BD FAILS (CH A T&M)
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INPUT TO LOGIC
MATRIXCD FAILS
(CHA T&M)

[

CE4-33-LIMCDATM

INPUT TO LOGIC MATRIX
CD FROM CHANNEL C
FAILS (CH A T&M)

CE4-33-LIMCD-CC

CHANNEL C PRESSURE
BISTABLE FAILS
(CHATEM)

CE4-37-CHCPATM

CHANNEL C TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE4-36-CHCTATM

INPUT TO LOGIC MATRIX
CD FROM CHANNEL D
FAILS (CH A T&M)

CE4-33-LIMCD-CD

CHANNEL D PRESSURE
BISTABLE FAILS
(CHATEM)

CE4-39-CHDPATM

CHANNEL D TEMPERATURE
BISTABLE FAILS
(CHATEM)

CE4-38-CHDTATM

CE4-33-LMCDATM -

INPUT TO LOGIC MATRIX CD FAILS (CH A T&M)
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CHANNEL B TEMPERATURE
BISTABLE FALS
(CHAT&M)

CE4-34-C}HBTATM

CCF 2 OF 3 TEMPERATURE
BISTABLES (CH
ATEM)

2.6E-7

CE4-CBI-CF-T20F3TM

SENSOR/TRANSMTTER

CCF2OF3HOT
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

3.7E-5

CE4-CTP-CF-HT20F3TM

I I
CHANNEL B HOT
CHANNEL B TEMPERATURE
BISTABLE UNIT LEG TEMPERATURE
FALS SENSOR/TRANSMTTER
FALS
5.0E-4 8.4E-4
CE4-CBI-FF-TB CEA4-CTP-FF-HTB
CHANNEL B DIGITAL
CORE PROTECTION
CALCULATOR FALLS
2.7E-3

CE4-CPD-FF-TB

CE4-CTP-FF-CTB

CCF2 OF 3 CORE
PROTECTION
CALCULATORS
(CHATEM)

8.4E-4

1.3E-4

CE4-CPD-CF-T20F3TM

3.7E-5

CE4-CTP-CF-CT20F3TM

CE4-34-CHBTATM -

CHANNEL B TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL B PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE4—35—CIIHB PATM

CHANNEL B PRESSURE
BISTABLE FAILS

5.0E-4

CE4-CBI-FF-PB

CHANNEL B PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 5.0E-6

CE4-CPR-FF-PB

CE4-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE4-CBI-CF-P20F3TM

CE4-35-CHBPATM - CHANNEL B PRESSURE BISTABLE FAILS (CH A T&M)
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CHANNEL C TEMPERATURE
BISTABLE FALS

CE4—36—CIHCTATM

CE4-CPD-FF-TC

CE4-CTP-FF-CTC

CCF2OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

CE4-CPD-CF-T20F3TM

[ I I
CHANNEL C CHANNEL C HOT CCF 2 OF 3 TEMPERATURE CCF2 OF 3HOT
TEMPERATURE LEG TEMPERATURE BISTABLES (CH LEG TEMPERATURE
BISTABLE UNIT FALS SENSOR/TRANSMTTER SENSORS/TRANSMTTERS
FALS
5.0E-4 8.4E-4 2.6E-7 3.7E-5

CE4-CBI-FF-TC CE4-CTP-FF-HTC CE4-CBI-CF-T20F3TM CE4-CTP-CF-HT20F3TM

CHANNEL C DIGITAL CHANNEL C COLD CCF2 OF 3CORE

CORE PROTECTION LEG TEMPERATURE PROTECTION CALCULATORS

CALCULATOR FAILS SENSORmSMWER (CHATEM)

2.7E-3 8.4E-4 1.3E-4

3.7E-5

CE4-CTP-CF-CT20F3TM

CE4-36-CHCTATM -

CHANNEL C TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL C PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE4—37—C%HCPATM

CHANNEL C PRESSURE
BISTABLE FAILS

5.0E-4

CE4-CBI-FF-PC

CHANNEL C PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 5.0E-6

CE4-CPR-FF-PC

CE4-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE4-CBI-CF-P20F3TM

CE4-37-CHCPATM - CHANNEL C PRESSURE BISTABLE FAILS (CH A T&M)
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CHANNEL D TEMPERATURE
BISTABLE FALS
(CHATEM)

A

CE4—38—CIHDTATM

CCF20OF3COLD
LEG TEMPERATURE
SENSORS/TRANSMTTERS

[ I | I
CHANNEL D HOT
CHANNEL D TEMPERATURE LEG TEMPERATURE CCF 2 OF 3 TEMPERATURE CCF2 OF3HOT
BISTABLE UNIT SENSORITRANSMTTER BISTABLES (CH LEG TEMPERATURE
FALS FALS ATEM) SENSORS/TRANSMTTERS
5.0E-4 8.4E-4 2.6E-7 3.7E-5
CE4-CBI-FF-TD CE4-CTP-FF-HTD CE4-CBI-CF-T20F3TM CE4-CTP-CF-HT20F3TM
CHANNEL D DIGITAL L‘é’é"#‘g}ﬁgﬁ%& CCF2 OF 3CORE
CORE PROTECTION PROTECTION CALCULATORS
CALCULATOR FAILS SENSORITRANSMTTER (CHATEM)
2.7E-3 8.4E-4 1.3E-4
CE4-CPD-FF-TD CE4-CTP-FF-CTD CE4-CPD-CF-T20F3T™M

3.7E-5

CE4-CTP-CF-CT20F3T™M

CE4-38-CHDTATM -

CHANNEL D TEMPERATURE BISTABLE FAILS (CH A T&M)
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CHANNEL D PRESSURE
BISTABLE FAILS
(CHAT&M)

[

CE4—39—C%HDPATM

CHANNEL D PRESSURE
BISTABLE FAILS

5.0E-4

CE4-CBI-FF-PD

CHANNEL D PRESSURE
SENSOR/TRANSMITTER
FALLS

CCF 2 OF 3 PRESSURE
SENSORS/TRANSMITTERS
(CHAT&M)

1.1E-4 5.0E-6

CE4-CPR-FF-PD

CE4-CPR-CF-P20F3TM

CCF 2 OF 3 PRESSURE
BISTABLES (CH
AT&M)

2.6E-7

CE4-CBI-CF-P20F3TM

CE4-39-CHDPATM - CHANNEL D PRESSURE BISTABLE FAILS (CH A T&M)
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FAILURE OF MANUAL
SWITCH 3

A

CE4—4IO—MT3

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE4-XHE-XE-SCRAM

MANUAL SWITCH
3 FAILS

1.3E4

CE4-MSW-FF-MT3

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE4-MSW-CF-20F4

CE4-40-MT3 - FAILURE OF MANUAL SWITCH 3
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FAILURE OF MANUAL
SWITCH4

A

CE4-4|1-MT4

OPERATOR FAILS
TO INITIATE MANUAL
SCRAM

1.0E-2

CE4-XHE-XE-SCRAM

MANUAL SWITCH
4 FAILS

1.3E-4

CE4-MSW-FF-MT4

CCF 2 OF 4 (1-OUT-OF-2
TWICE) MANUAL
SWITCHES

4.9E-6

CE4-MSW-CF-20F4

CE4-41-MT4 - FAILURE OF MANUAL SWITCH 4
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